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(54) Rolling bearing apparatus with sensor 

(57) A rolling bearing apparatus with sensor in- 
cludes a sensor unit (35) retaining a plurality of types of 
sensors for detecting the status of a rolling bearing, in 



FIG.1 



a single holder (33). The plurality of types of sensors are 
at least two types of sensors of a rotation speed sensor 
(27a), a temperature sensor (29a), and an acceleration 
sensor (40). 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a sensor, a 
rolling bearing with a sensor and a rotating support ap- 
paratus with sensor which are utilized for causing a 
housing or a suspension system — which remains sta- 
tionary even at time of use — to rotatably support wheels 
of a railroad vehicle, those of an automobile, or a rotating 
shaft of a rolling mill for metal working, as well as being 
utilized for detecting the status of the rolling bearing or 
that of the rotating support apparatus. The rolling bear- 
ing and the rotating support apparatus are effective for 
checking an abnormality in the rolling bearing, by means 
of detecting, e.g., the rotation speed of wheels or rotat- 
ing shaft and the status of the rolling bearing (i.e., the 
temperature or vibration of the rolling bearing). 

2. Description of the Related Art 

[0002] A rolling bearing unit is used, for instance, for 
causing a housing fastened to a railroad vehicle to ro- 
tatably support railroad wheels. In order to determine 
the traveling speed of the railroad vehicle or to effect 
skidding control for preventing occurrence of unbal- 
anced wear in the wheels, the rotational speed of the 
wheels must be detected. Moreover, in orderto prevent 
occurrence of seizing up of the rolling bearing unit, 
which would otherwise be caused as a result of an ab- 
normality having arisen in the rolling bearing unit, the 
temperature of the rolling bearing unit must be detected. 
To these ends, supporting of the wheels rotatable with 
respect to the housing, detection of rotation speed of the 
wheels, and detection of temperature of the rolling bear- 
ing unit have recently been effected through use of a 
rotating support apparatus with sensor, the apparatus 
being constituted by means of incorporating a rotation 
speed sensor and a temperature sensor into the rolling 
bearing unit. 

[0003] Figs. 59 and 60 show the structure of a related- 
art sensor-equipped rotating support apparatus for use 
with a railroad vehicle. An axle shaft 1 acts as a rotating 
shaft which rotates at the time of use while having an 
unillustrated wheel fixedly supported thereon. In order 
to achieve low weight, the axle shaft 1 is formed into the 
form of a hollow cylinder. The axle shaft 1 is rotatably 
supported by a double row tapered roller bearing 3 
(which serves as a rolling bearing) at the interior diam- 
eter of a journal box 2 (which serves as a housing and 
does not rotate even at the time of use). The double row 
tapered roller bearing 3 comprises an outer ring 4 and 
a pair of inner rings 5, which are arranged concentrically 
with each other, andaplurality of tapered rollers 6, 6. Of 
these elements, the entirety of the outer ring 4 is formed 
into a substantially cylindrical shape, and outer ring 



raceways 7 are formed in two rows along the inner cir- 
cumferential surface of the outer ring 4. Each outer ring 
raceway 7 has a tapered concave geometry and is in- 
clined such that the interior diameter of the outer ring 
s raceway 7 becomes greater toward the edge of the outer 
ring 4 with reference to the axial direction thereof. 
[0004] Each of the pair of inner rings 5 is formed into 
a substantially cylindrical shape, and a tapered convex 
inner ring raceway 8 is formed along the outer circum- 

io ferential surface of each inner ring 5. The inner rings 5 
are arranged at the interior diameter of the outer ring 4 
and concentrically with the outer ring 4 while the smaller- 
diameter-side end faces of the respective inner rings 5 
are mutually opposed. Moreover, a plurality of the ta- 

15 pered rollers 6, 6 are rotatably retained by a retainer 9 
provided between each outer ring raceway 7 and the 
corresponding inner ring raceway 8. 
[0005] The outer ring 4 of the double row tapered roll- 
er bearing 3 is fittingly retained by the interior of the jour- 

20 nal box 2. In the illustrated example, the outer ring 4 is 
sandwiched from either side with reference to the axial 
direction of the outer ring 4 between a step 10 formed 
at a position on the interior surface of the journal box 2 
close to one edge thereof (i.e., the left-side edge of the 

25 journal box 2 shown in Fig. 59) and an unillustrated 
presser ring fittingly fixed to the interior of the other edge 
portion of the journal box 2 (i.e., the right-side edge por- 
tion of the journal box 2 shown in Fig. 59). The inner 
rings 5 are fitted around in a position on the outer cir- 

30 cumf erential surface of the axle shaft 1 close to one end 
thereof (i.e., the left end of the axle shaft 1 shown in Fig. 
59) with a spacer 1 1 being interposed therebetween. An 
annular member 12 called an oil thrower is fitted around 
a portion of the end section of the axle shaft 1 projecting 

35 beyond; i.e., to the outside of, the inner ring 5 with ref- 
erence to the axial direction thereof. The inner end face 
of the inside inner ring 5 butts against a stepped surface 
formed in an intermediate section of the axle shaft 1 . 
Accordingly, a pair of the inner rings 5 are not displaced 

40 toward the center of the axle shaft 1 (i.e., a position close 
to the right side in Fig. 59) as compared with the status 
of the inner rings 5 shown in Fig. 59. By means of a nut 
1 4 screw-engaged with an external thread 1 3 formed in 
the outer end section of the axle shaft 1, the.annular 

45 member 1 2 is pressed against the outer end face of the 
outside inner ring 5. A locking ring 1 6 is fastened to the 
outer end face of the nut 14 by means of bolts 15, 15. 
Projections formed along the inner periphery of the lock- 
ing ring 1 6 are engaged with a groove formed in the out- 

50 er circumferential surface of the outer end section of the 
axle shaft 1 , thereby preventing loosening of the nut 14. 
[0006] A seal case 17 is formed from a metal plate, 
such as a mild steel plate, so as to assume a substan- 
tially cylindrical shape overall and a crank-shaped pro- 

55 file in cross section. The seal case 1 7 is fastened fittingly 
to the interior of each side of the outer ring 4. A seal ring 
1 8 is provided between an inner circumferential surface 
of each seal case 17 and an outer circumferential sur- 
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face of the corresponding annular member 12, thereby 
sealing an opening on either end of a space having the 
tapered rollers 6, 6 provided therein. This construction 
prevents leakage to the outside of grease for lubrication 
purpose sealed in the space and entry of extraneous 
matter, such as rainwater or dust, into the space from 
the outside. 

[0007] An encoder 1 9 is formed from magnetic metal, 
such as a steel product, so as to assume an overall disk 
shape and an L-shaped profile in cross section. The en- 
coder 19 is fixedly coupled concentrically with the axle 
shaft 1 by means of a plurality of bolts 20, 20. Projections 
and depressions are alternately formed at uniform inter- 
vals in the circumferential direction of and in the outer 
brim of an outwardly-flanged disk section 21 , thereby 
alternately varying the magnetic characteristic of the 
outer brim at uniform intervals in the circumferential di- 
rection. 

[0008] A cover 22 is fixed to one end of the journal 
box 2, to thereby seal an opening at that end. The cover 

22 is formed from synthetic resin or metal material and 
into an overall cylindrical shape having one end closed. 
The cover 22 comprises a cylindrical portion 23; a bot- 
tom plate portion 24 dosing an opening at one end of 
the cylindrical portion 23 (i.e., the left-side opening of 
the cylindrical portion 23); and an outwardly-flanged 
mount section 25 provided along an outer circumferen- 
tial surface close to the other end of the cylindrical por- 
tion 23 (i.e., the right-side end of the cylindrical portion 

23 shown in Fig. 59). The mount section 25 is secured 
to one end face of the journal box 2 by means of unil- 
lustrated bolts while the other end of the cylindrical sec- 
tion 23 is fitted to the interior of one end of the journal 
box 2 and the mount section 25 butts against one end 
face of the journal box 2, whereby the cover 22 closes 
an opening at one end of the journal box 2. 

[0009] Asensormount hole26 is formed at a position, 
on the cylindrical portion 23 opposing the outer brim of 
the disk section 21 of the encoder 1 9 with reference to 
the diametrical direction thereof, so as to penetrate from 
the outer circumferential surface of the cylindrical sec- 
tion 23 to the inner circumferential surface thereof in the 
diametrical direction of the cylindrical section 23. A ro- 
tation speed sensor 27 is inserted into the sensor mount 
hole 26. A detecting section provided at the end face of 
the rotation sensor 27 (i.e., the lower end face of the 
sensor 27 shown in Fig. 59) is positioned so as to op- 
pose a detected section provided along the outer brim 
of the disk section 21 , with a minute clearance therebe- 
tween. 

[0010] Another sensor mount hole 28 is formed at a 
position on the intermediate section of the journal box 2 
situated around the outer ring 4. A temperature sensor 
29 is inserted into the sensor mount hole 28. 
[0011] In the case of the sensor-equipped rotating 
support apparatus having the foregoing construction, 
when at the time of operation the encoder 19 rotates 
along with the axle shaft 1 having wheels fixedly sup- 



ported thereon, the projections and depressions consti- 
tuting the detected section of the encoder 1 9 alternately 
pass by the neighborhood of the detecting section pro- 
vided at the end face of the rotation speed sensor 27. 
5 Consequently, the density of magnetic flux flowing 
through the rotation speed sensor 27 varies, thereby 
changing output from the rotation speed sensor 27. In 
this way, a frequency at which output from the rotation 
speed sensor 27 changes is proportional to the rotation 
10 speed of the wheels. Accordingly, so long as output from 
the rotation speed sensor 27 is delivered to an unillus- 
trated controller, the rotation speed of the wheels can 
be detected, thereby enabling appropriate skidding con- 
trol of a railroad vehicle. 
*s [0012] If an extraordinary rise has arisen in the rota- 
tional resistance of the double row tapered roller bearing 
3, for any reason such as skewing of each of the tapered 
rollers 6, 6, and the temperature of the double row ta- 
pered roller bearing 3 has risen, the temperature sensor 
29 detects the rise in temperature. In this way, a tem- 
perature signal detected by the temperature sensor 29 
is also delivered to the unillustrated controller, and the 
controller issues an alarm, such as illumination of an 
alarm lamp provided at a driver's seat. In the event such 
an alarm has been issued, the driver takes measures, 
such as effecting an emergency stop. 
[0013] In the case of a rotating support apparatus of 
conventional structure which has the foregoing con- 
struction and operates in the manner set forth, the rota- 
tion speed sensor 27 and the temperature sensor 29 are 
independently and fixedly supported on the cover 22 
and the journal box 2, respectively. Hence, acquiring 
signals from the sensors 27 and 29 requires perform- 
ance of a cumbersome task, as does mounting of the 
sensors 27 and 29. More specifically, the rotational sen- 
sor 27 is secu red to the cover 22 by means of a plurality 
of bolts 31a, 31a penetrating through a mount flange 
30a. A harness 32a serving as a conductor for acquiring 
a signal output from the rotation sensor 27 acquires a 
signal. The temperature sensor 29 is secured to the jour- 
nal box 2 by means of a plurality of bolts 31b, 31 b pen- 
etrating through another mount flange 30b, and a signal 
is acquired by way of a harness 32b. 
[0014] Because of such a construction, the space to 
be occupied by the sensors 27, 29 increases, and a 
mounting operation becomes troublesome. Further, 
routing of the harnesses 32a, 32b also becomes cum- 
bersome. Another consideration is addition, to the rotat- 
ing support apparatus for a railroad vehicle, of an accel- 
eration sensor for detecting vibrations, along with the 
rotation sensor 27 and the temperature sensor 29. Fur- 
ther, there is a tendency toward an increase in the 
number of sensors to be incorporated into the rotating 
support apparatus. If the number of sensors increases, 
the problems set forth will become more noticeable. 
[001 5] In the case of the above-described related-art 
construction, a signal output from the rotation speed 
sensor 27 and a signal output from the temperature sen- 
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sor 29 are processed independently of each other, and 
no consideration has been given of processing these 
signals in a linked manner. More specifically, a detection 
signal originating from the rotation speed sensor 27 is 
utilized solely for detecting a rotation speed of wheels, 
whereas occurrence of an abnormality in the double row 
tapered roller bearing 3 has been determined by use of. 
only a detection signal originating from the temperature 
sensor 29. For this reason, the reliability of detection of 
an abnormality cannot be ensured sufficiently. The rea- 
son for this is that, in the case of a rolling bearing unit, 
such as the double row tapered roller bearing 3, incor- 
porated into a rotating support section of a railroad ve- 
hicle, wheels do not constantly rotate at a given speed, 
and hence heating dueto seizure loss of the rolling bear- 
ing unit is not effected constantly. In other words, even 
a normal rolling bearing unit is susceptible to constant 
temperature variations, for reasons of variations in ro- 
tation speed. Therefore, difficulty is encountered in de- 
termining occurrence of an abnormality in the rolling 
bearing unit on the basis of only temperature variations. 
[001 6] When occurrence of an abnormality in the roll- 
ing bearing unit is determined from only the detection 
signal output from the temperature sensor 29, a temper- 
ature threshold value to be used for determining occur- 
rence of an abnormality must be specified by means of 
taking, as a reference, a time of high-speed running dur- 
ing which a temperature rises. Consequently, there may 
arise a possibility that an abnormality arising during low- 
speed running cannot be detected. In view of the situa- 
tions, a preferably-conceivable measure to enhance the 
reliability of detection of an abnormality in a rolling bear- 
ing unit is to make a determination in consideration of 
factors other than a temperature. 
[0017] Occurrence of such a problem is not limited to 
a rotating support section for supporting railroad wheels; 
such a problem also occurs in a rotating shaft of industry 
machinery of various types, such as a rolling mill, or in 
a rotating support section of another type of machinery. 
[0018] Further, in an environment in which a bearing 
apparatus of an industrial machinery or automobile is 
used, external noise stemming from a high-frequency 
power source or electric motor affects a circuit consti- 
tuting the sensor, thereby deteriorating the accuracy or 
resolution of a signal output from the sensor. When the 
sensor is used while being attached to hardware con- 
nected to the ground of an AC power supply via a hous- 
ing of the hardware, if the housing is incompletely 
grounded, a voltage originating from the AC power sup- 
ply is also applied to the case of the sensor fastened to 
the housing. In association with application of the volt- 
age, a feeble electric current flows into the sensor, and 
as a result nose stemming from the frequency of the 
electric current is superimposed on a signal output from 
the sensor. 

[0019] In this case, the influence of external noise can 
be diminished to a certain extent by means of a filter or 
arithmetic operation. 



[0020] Additionally, the temperature sensor of the re- 
lated art to be incorporated into an axle bearing for de- 
tecting an abnormality, such as seizing up employs, e. 
g., an NTC thermistor (negative temperature coefficient 
5 thermistor) having a negative temperature coefficient. 
The NTC thermistor has a negative temperature char- 
acteristic (i.e., a characteristic of a resistance value di- 
minishing with an increase in temperature), and hence, 
as shown in Fig. 62, a resistance value decreases tog- 

10 arithmically with increasing temperature. Hence, when 
a temperature detected by the NTC thermistor is con- 
verted into an output voltage Vt by means of a circuit 
such as that shown in Fig. 61 , there is produced an out- 
put voltage Vt such as that shown in Fig. 63. The output 

w voltage Vt does not change linearly with respect to tem- 
perature. When an output voltage is converted into a 
temperature, the output voltage Vt is subjected to ana- 
log-to-digital conversion. A resultant value is converted 
into a temperature through software by means of a mi- 

20 crocomputer. Alternatively, there is a necessity of 
changing the output voltage Vt so as to assume a linear 
characteristic by means of a linearizing circuit, thereby 
resulting in complication of circuit configuration and an 
increase in cost. 

25 [0021] Moreover, as shown in Fig. 64, a sensor unit 
246 includes a circuit board 243 having a detecting sec- 
tion 241 and a circuit component 242 for processing a 
signal detected by the detecting section 241 . The circuit 
board 243 is inserted into a case 244, and a clearance 

30 between the circuit board 243 and the case 244 is filled 
with hard resin (filler) 245. and the resin is cured (mold- 
ed). A flange 247 is formed on an outer surface 244a of 
the case 244 and can be fastened to a bearing or bear- 
ing apparatus with bolts. 

35 [0022] However, when the circuit board 243 is fas- 
tened to the inside of the case 244 through mere mold- 
ing, difficulty is encountered in orientating, in a certain 
direction, the circuit board 243 having mounted thereon 
the detecting section 241 and the circuit component 

40 242. Hence, even when arsingle object is measured 
through use of sensors 246 manufactured in the same 
manner, resultant measurement results disperse. Con- 
sequently, the finally-produced sensors 246 must be 
calibrated (or corrected) one by one. 

45 [0023] in the case of a bearing apparatus equipped 
with such a sensor 246, there is a necessity of calibrat- 
ing the sensor 246 as well as calibrating mounting of the 
sensor 246 on the bearing apparatus. Consequently, 
when the operating status of the bearing apparatus is 

so evaluated on the basis of the result of measurement per- 
formed by the sensor 246, difficulty is encountered in 
determining whether the measurement result is ascrib- 
able to the sensor or to the bearing apparatus. 
[0024] When respective linear expansion coefficients 

55 of the case 244, the resin and the circuit board 243 are 
different from each other, a difference arises in the 
amount of thermal expansion in accordance with the 
change of temperature. Hence, when the sensor 246 is 
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used in the environment where temperature changes 
arise repeatedly, a flaking arises between the case 244 
and the resin 245 or between the resin 245 and the cir- 
cuit board 243.. Further, a stress is exerted on the de- 
tecting section 241 and the circuit component 242, 5 
which are mounted on the circuit board 243, thus posing 
a risk of impairing the life of these components. 
[0025] Molding process involves heating for harden- 
ing the resin 245 or consumption of a long period of time 
until the resin is completely hardened; for example, a 10 
process of leaving a mold to harden for a whole day and 
night. In the case of resin of reactive type involving ad- 
dition of a hardener, a time required for hardening is 
shortened. However, heat is generated, which may im- 
part damage to the detecting section 241 and the circuit is 
component 242 mounted on the circuit board 243. 

SUMMARY OF THE INVENTION 

[0026] The present invention has been conceived in 20 
view of the above-described problem, and an object of 
the invention is to realize a compact and lightweight ro- 
tating support apparatus, to facilitate assembly of the 
same, to diminish the number of parts, and to reduce 
the number of cables. 25 
[0027] In addition, an object of the invention is to im- 
prove an accuracy of abnormality detection of a rolling 
bearing. 

[0028] Further, an object of the invention is to provide 
a sensor involving little dispersion in an output result of 30 
a signal to be detected, as well as a bearing apparatus 
using the sensor. 

[0029] Moreover, an object of the invention is to im- 
prove the linearity of a voltage output from a circuit which 
converts a temperature change into a voltage by use of 35 
a thermistor, without involvement of complication of cir- 
cuit configuration and an increase in cost. 
[0030] Additionally, an object of the invention is to pro- 
vide a sensor which effectively shields external noise 
affecting a signal output from the sensor, and a bearing 40 
apparatus which has the sensor and can accurately 
monitor the status of a bearing. 
[0031] To attain these objects, the present invention 
is characterized by the following features. 

45 

(1) A rolling bearing apparatus with sensor includ- 
ing: 

a sensor unit retaining a plurality of types of 
sensors in a single holder, the sensors detect- so 
ing the status of a rolling bearing, 

wherein the plurality of types of sensors are 
at least two types of sensors of a rotation speed 
sensor, a temperature sensor and a vibration sen- ss 
sor. 

(2) The rolling bearing apparatus according to (1), 
further comprising: 



inner and outer rings rotating relative to each 
other such that one of the inner and outer rings 
is a rotating ring and the other is a stationary 
ring; 

a plurality of rolling elements rotatably dis- 
posed between a raceway formed on an inner 
surface of the outer ring, and a raceway formed 
on an outer surface of the inner ring; and 
an encoder supported on the rotating ring or a 
portion rotating together with the rotating ring, 
and rotating together with the rotating ring, 

wherein the sensor unit is disposed close to 
the encoder in such a manner as to oppose the en- 
coder, at the stationary ring or a portion supporting 
the stationary ring. 

(3) The rolling bearing apparatus according to (2), 
further comprising: 

a nut disposed on an end of a shaft so as to 
position the inner ring in an axial direction of the 
shaft, 

a housing being the portion supporting the sta- 
tionary ring; and 
a cover attached to the housing, 

wherein the encoder is disposed between the 
inner ring and the nut in the axial direction or on an 
outer surface of the nut, and 

wherein the sensor unit is attached to one of 
the housing and the cover. 

(4) The rolling bearing apparatus according to (1), 
wherein the sensor holder is made of one of austen- 
ite stainless steel, aluminum, magnesium, copper, 
zinc, or an alloy of any of the same. 

(5) The rolling bearing apparatus according to (1), 
wherein each of signal lines extending from the sen- 
sors is twisted with a ground line, and the twisted 
signal lines are shielded individually. 

(6) The rolling bearing apparatus according to (1), 
wherein each of signal lines extending from the sen- 
sors is twisted with a ground line, and all of the twist- 
ed signal lines are collectively shielded. 

(7) The rolling bearing apparatus, according to (1), 
wherein the temperature sensor is disposed on a 
leading end of the sensor holder of the sensor unit. 

(8) The rolling bearing apparatus according to (1), 
further comprising: 

a reference voltage generation circuit located 
within the sensor holder for supplying a refer- 
ence voltage to at least one of the temperature 
sensor and the vibration sensor. 

(9) The rolling bearing apparatus according to (1), 
wherein the temperature sensor is constructedby 
one of an NTC thermistor, a PTC thermistor, a CTR 
thermistor, a resistance temperature sensor, and an 
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integrated-circuit temperature sensor. 

(1 0) The rolling bearing apparatus according to (1 ), 
wherein the vibration sensor is constructed by one 
of a piezoelectric element and a strain gauge. 

(11) The rolling bearing apparatus according to (1), s 
wherein outputs from at least one of the rotation 
speed sensor, the temperature sensor, and the vi- 
bration sensor are in the form of current. 

(1 2) The rolling bearing apparatus according to (1 ), 
further comprising: 10 

a surge absorber protecting a sensor circuit 
from a surge voltage, for eliminating a noise. 

(13) The rolling bearing apparatus according to (1 ), is 
further comprising: 

a Zener diode protecting a sensor circuit from 
a surge voltage, for eliminating a noise. 

20 

(14) The rolling bearing apparatus according to (1 ), 
further comprising: 

an EMI filter for eliminating a noise. 

25 

(15) The rolling bearing apparatus according to (2), 
wherein the encoder is constructed by alternately 
magnetizing a set of N pole, S pole and no pole or 
a set of S pole, N pole and no pole in a circumfer- 
ential direction thereof, to thereby detect a rotating 30 
direction of the encoder by a single sensor. 

(16) A bearing apparatus with sensor comprising: 

a rotation speed sensor detecting a rotation 
speed of a bearing; 35 
a temperature sensor detecting a temperature 
of the bearing; 

a threshold value setting device for setting a 

threshold value of temperature for abnormality 

detection on the basis of the rotation speed ob- 40 

tained by the rotation speed sensor; 

a comparator comparing a temperature signal 

output from the temperature sensor with the 

threshold valve of temperature; and 

an abnormality determining device determining 45 

an abnormality of the bearing on the basis of 

an output of the comparator. 

(1 7) A bearing apparatus with sensor comprising: 

50 

a rotation speed sensor detecting a rotation 
speed of a bearing; 

a vibration sensor detecting a vibration of the 
bearing; 

a threshold value setting device for setting a ss 
threshold value of vibration for abnormality de- 
tection on the basis of the rotation speed ob- 
tained by the rotation speed sensor; 



a comparator comparing a vibration signal out- 
put from the vibration sensor with the threshold 
valve of acceleration; and 
an abnormality determining device determining 
an abnormality of the bearing on the basis of 
an output of the comparator. 

(18) The bearing apparatus with sensor according 
to (17), further comprising: 

a variable filter through which the vibration sig- 
nal output from the vibration sensor is passed, 
for changing a frequency to be eliminated or 
dampened, on the basis of the rotation speed 
detected by the rotation speed sensor, 

wherein the comparator compares a signal 
output from the variable filter with the threshold val- 
ue of acceleration. 

(19) A bearing apparatus with sensor comprising: 

a rotation speed sensor detecting a rotation 
speed of a bearing; 

a vibration sensor detecting a vibration of the 
bearing; 

a period analysis device performing a period 
analysis of a signal output from the vibration 
sensor; and 

an abnormality determining device determining 
an abnormality of the bearing by analyzing a 
result of period analysis by use of a rotation 
speed signal output from the rotation speed 
sensor. 

(20) A bearing apparatus with sensor comprising: 

a rotation speed sensor detecting a rotation 
speed of a bearing; 

a vibration sensor detecting a vibration of the 
bearing; 

an envelope processing device performing an 
envelope processing of a signal output from the 
vibration sensor so that the signal is subjected 
to a frequency analysis; and 
an abnormality determining device determining 
an abnormality of the bearing by analyzing a 
result of frequency analysis by use of a rotation 
speed signal output from the rotation speed 
sensor. 

(21) Abearing apparatus with temperature sensor 
for measuring a temperature of a bearing, compris- 
ing: 

a thermistor built in the rolling bearing or in a 
vicinity thereof, 

at least one of fixed resistors connected in par- 
allel with the thermistor. 
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(22) The bearing apparatus according to (21), 
wherein the temperature sensor has a negative 
temperature characteristic such that a sensor out- 
put drops in association with an increase in temper- 
ature, whereby the temperature sensor has a fail- s 
safe function. 

(23) The bearing apparatus according to (21), 
wherein the thermistor is one of an NTC thermistor, 
a PTC thermistor, a CTR thermistor, and a silicon 
thermistor. 10 

(24) Abearing apparatus with a sensorfor a bearing 
comprising: 

a detecting section for detecting an object to be 

detected; is 

a circuit component for processing a detection 

signal output from the detecting section; 

a circuit board on which the detecting section 

and the circuit component are mounted; 

a fixing jig for fixing the circuit board; and 20 

a sensor holder fixing the fixing jig. 

(25) The bearing apparatus according to (24), 
wherein the fixing jig is fixed to the sensor holder by 
use of a jig fixing component. 25 

(26) The bearing apparatus according to (24), 
wherein the fixing jig is fixed to the sensor holder by 
an adhesive after positioning the fixing jig therein. 

(27) Abearing apparatus with a sensor for shearing 
comprising: 30 

a detecting section for detecting an object to ba 
detected; 

a circuit component for processing a detection 
signal output from the detecting section; 35 
a circuit board on which the detecting section 
and the circuit component are mounted; and 
a noise shield connected to a reference voltage 
of the circuit. 

40 

(28) The bearing apparatus according to (27) 
wherein the noise shield further comprises at least 
one of: 

a first noise shield connected to a reference 45 
voltage of circuit, and arranged in an annular 
manner on a surface of the circuit board having 
the detecting section and the circuit component 
so as to surround at least a part of the detecting 
section and the circuit component; so 
a second noise shield connected to a reference 
voltage of the circuit and planar which is ar- 
ranged in a planar manner on a surface oppo- 
site to the surface of the circuit board having 
the detecting section and the circuit component ss 
so as to oppose and cover at least a region sur- 
rounded by the first noise shield, from the side 
opposite to the region; and 



a case-like third noise shield connected to a ref- 
erence voltage of the circuit and mounted on 
the surface of the circuit board having the de- 
tecting section and the circuit component so as 
to cover at least one of the detecting section 
and the circuit component. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] 

Fig. 1 is a cross-sectional view taken along a line 
A-A shown in Fig. 2, showing a first embodiment of 
a rotating support apparatus according to the 
present invention; 

Fig. 2 is a view of the rotating support apparatus 
when viewed from the left in Fig. 1 ; 
Fig. 3 is a cross-sectional view showing the charac- 
teristic portion of a second embodiment of the 
present invention; 

Fig. 4 is a cross-sectional view showing the charac- 
teristic portion of a third embodiment of the present 
invention; 

Fig. 5 is a cross-sectional view showing the charac- 
teristic portion of a fourth embodiment of the 
present invention; 

Fig. 6 is a cross-sectional view showing the charac- 
teristic portion of a fifth embodiment of the present 
invention; 

Fig. 7 is a cross-sectional view showing the charac- 
teristic portion of a sixth embodiment of the present 
invention; 

Fig. 8 is a cross-sectional view showing the charac- 
teristic portion of a seventh embodiment of the 
present invention; 

Fig. 9 is a cross-sectional view showing the charac- 
teristic portion of an eighth embodiment of the 
present invention; 

Fig. 1 0 is a cross-sectional view showing the char- 
acteristic portion of a ninth embodiment of the 
present invention; 

Fig. 1 1 is a circuit diagram showing a reference volt- 
age generation circuit to be built in a sensor unit 
constituting the ninth embodiment; 
Rg. 12 is a cross-sectional view showing the char- 
acteristic portion of a tenth embodiment of the 
present invention; 

Rg. 13 is a circuit diagram showing an example of 
an amplifying circuit to be built in a sensor unit con- 
stituting the tenth embodiment; 
Rg. 14 is a circuit diagram showing another exam- 
ple of the amplifying circuit; 
Rg. 15 is a cross-sectional view showing an elev- 
enth embodiment example of an apparatus for de- 
tecting an abnormality in a rolling bearing unit ac- 
cording to the present invention; 
Rg. 1 6 is a side view of the apparatus when viewed 
from the left in Rg. 15; 
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13 

Fig. 1 7 is an enlarged view of a section B shown in 
Fig- 15; 

Fig. 18 is apartial cross-sectional view showing a 
twelfth embodiment of an apparatus for detecting 
an abnormality in a rolling bearing unit according to 5 
the present invention; 

Fig. 1 9 is an enlarged view of a section C shown in 
Fig. 18; 

Fig. 20 is a view of the apparatus when viewed from 
an arrow D shown in Fig. 1 9; 10 
Fig. 21 is a block diagram showing an example of 
a determination circuit for detecting an abnormality 
in a rolling bearing unit; 

Fig. 22 is a block diagram showing a second exam- 
ple of the determination circuit; is 
Fig. 23 is a block diagram showing a third example 
of the determination circuit; 
Fig. 24 is a block diagram showing a fourth example 
of the determination circuit; 

Fig. 25 is a block diagram showing a fifth example 20 
of the determination circuit; 
Fig. 26 is a cross-sectional view showing a bearing 
apparatus with sensor according to a thirteenth em- 
bodiment of the present invention; 
Fig. 27 is a cross-sectional view showing the sensor 25 
shown in Fig. 26; 

Fig. 28 is a cross-sectional view of the sensor taken 
along a line E-E shown in Fig. 27; 
Fig. 29 is a cross-sectional view showing a sensor 
according to a fourteenth embodiment of the 30 
present invention; 

Fig. 30 is a cross-sectional view of the sensor taken 

along line F-F shown in Fig. 29; 

Fig. 31 is a cross-sectional view showing a sensor 

according to a fifteenth embodiment of the present 35 

invention; 

Fig. 32A is a front view of the circuit board shown 
in Fig. 31; 

Fig. 32B is a partially-cross-sectional side elevation 
view of the circuit board shown in Fig. 31 ; 40 
Fig. 32C is a rear view of the circuit board shown in 
Fig. 31; 

Fig. 33 is a cross-sectional view showing a sensor 
according to a sixteenth embodiment of the present 
invention; 45 
Fig. 34A is a front view of the circuit board shown 
in Fig. 33; 

Fig. 34B is a partially-cross-sectional side elevation 
view of the circuit board shown in Fig. 33; 
Fig. 34C is a cross-sectional view taken along a line so 
H-H shown in Fig. 34B, showing an intermediate 
layer of the circuit board; 

Fig. 35 is a cross-sectional view showing a sensor 
according to a seventeenth embodiment of the 
present invention; 55 
Fig. 36A is a front view of the circuit board shown 
in Fig. 35; 

Fig. 36B is a cross-sectional view taken along a line 



l-l shown in Fig. 36A; 

Fig. 36C is a rear view of the circuit board shown in 
Fig. 35; 

Fig. 37 is a circuit diagram showing an eighteenth 
embodiment of a bearing sensor according to the 
present invention; 

Fig. 38 is a chart showing a resistance value char- 
acteristic of an NTC thermistor with respect to tem- 
perature; 

Fig. 39 is a chart showing a relationship between 
temperature and a combined resistance value of 
the NTC thermistor shown in Fig. 37 and a resistor; 
Fig. 40 is a chart showing a relationship between a 
voltage output from the temperature sensor shown 
in Fig. 37 and temperature; 
Fig. 41 is a circuit diagram showing a nineteenth 
embodiment of the bearing temperature sensor ac- 
cording to the present invention; 
Fig. 42 is a circuit diagram showing a twentieth em- 
bodiment of the bearing temperature sensor ac- 
cording to the present invention; 
Fig. 43 is a circuit diagram showing a twenty-first 
embodiment of the bearing temperature sensor ac- 
cording to the present invention; 
Fig. 44 is a circuit diagram showing a twenty-sec- 
ond embodiment of the bearing temperature sensor 
according to the present invention; 
Fig. 45 is a circuit diagram showing a twenty-third 
embodiment of the bearing temperature sensor ac- 
cording to the present invention; 
Fig. 46 is a circuit diagram showing a twenty-fourth 
embodiment of the bearing temperature sensor ac- 
cording to the present invention; 
Fig. 47 is a circuit diagram showing a twenty-fifth 
embodiment of the bearing temperature sensor ac- 
cording to the present invention; 
Fig. 48 is a diagram for describing a method of de- 
tecting an abnormality in an axle bearing according 
to the present invention; 

Fig. 49 is a chart showing a temperature-resistance 
characteristic of a silicon thermistor; and 
Fig. 50 is a chart showing a characteristic of a volt- 
age output form the temperature sensor when a sil- 
icon thermistor is employed as a thermistor of the 
circuit shown, in Fig. 37; 

Fig. 51 is a view showing an encoder and a circuit 
determining the rotating direction with one sensor 
according to a twenty-sixth embodiment of the 
present invention; 

Figs. 52A to 52D are views for explaining pulse sig- 
nals detected from the circuit when a shaft rotates 
in a clockwise 1 direction; 

Figs. 53A to 53C are views for explaining pulse sig- 
nals detected from the circuit when the shaft rotates 
in a counterclockwise direction; 
Figs. 54A and 54B are views for explaining signals 
output from the sensor; 

Figs. 55A to 55C are views for explaining a method 
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determining a rotating direction with two sensors; 
Fig. 56 is a view showing an encoder according to 
a first modification of the twenty-sixth embodiment 
of the present invention; 

Fig. 57 is a view showing an encoder according to 
a second modification of the twenty-sixth embodi- 
ment of the present invention; 
Fig. 58 is a sectional view showing an encoder and 
a sensor according to a third modification of the 
twenty-sixth embodiment of the present invention; 
Fig. 59 is a cross-sectional view taken along line 
B-O-C shown in Fig. 60, showing one example 
structure of a related-art rotating support apparatus; 
Fig. 60 is a view of the rotating support apparatus 
when viewed from the left in Fig. 59; 
Fig. 61 is a circuit diagram showing a related-art 
bearing temperature sensor; 
Fig. 62 is a chart showing a resistance value char- 
acteristic of an NTC thermistor with respect to tem- 
perature; 

Fig. 63 is a chart showing a relationship between a 
voltage output from the temperature sensor shown 
in Fig. 61 and the temperature of a bearing; and 
Fig. 64 is a sectional view showing a related-art sen- 
sor. 

DETAIELD DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] Figs. 1 and 2 show a first embodiment of the 
present invention. The present invention has a feature 
that a rotation speed sensor 27a for detecting the rota- 
tion speed of an axle shaft 1 , which serves as a rotating 
shaft, and a temperature sensor 29a for detecting the 
temperature of a rolling bearing rotatabry supporting the 
axle shaft 1 are retained in a single sensor holder 33 
(sensor envelope), thereby solving the drawbacks of the 
related-art construction. In other respects, the present 
invention is identical in structure and operation with the 
rotating support apparatus of related-art construction 
shown in Figs. 63 and 64. Hence, like parts are assigned 
like reference numerals, and explanations of overlap- 
ping features are omitted or simplified. Hereinbelow, de- 
scriptions of primarily the features of the present inven- 
tion will be provided. 

[0034] In the present invention, an outward flange 
section 34 is formed along the entire outer circumferen- 
tial surface of an outer end section of an annular mem- 
ber 12a called an oil thrower, which is situated axially 
inside the nut 14. Projections and depressions are al- 
ternately formed in an outer rim of the flange section 34 
and at uniform intervals in the circumferential direction. 
The magnetic characteristic of the outer rim is changed 
alternately at uniform intervals in the circumferential di- 
rection. The flange section 34 is imparted with the func- 
tion of an encoder for detecting a rotation speed. 
[0035] When compared with the related-art construc- 
tion shown in Fig. 59 in which the encoder 1 9 is provided 



outside the nut 14 in the axial direction thereof, the con- 
struction of the rotating support apparatus according to 
the present embodiment enables provision of a sensor 
unit 35 to be described later in a position close to an 
5 outer ring 4 in the axial direction. Hence, the tempera- 
ture detecting performance of the temperature sensor 
29a to be described later can be improved. Moreover, 
projections and depressions are formed in the outer rim 
of the flange section 34 formed on the outer circumfer- 
10 ential surface of the annular member 12a, thus impart- 
ing the function of an encoder to the annular member 
12a. When compared with the related-art construction 
set forth, the construction of the rotating support appa- 
ratus according to the present invention yields advan- 
15 tages, such as a reduction in the number of parts, short- 
ening of the axial dimension of the rotating support ap- 
paratus, a reduction in the weight of the same, and cut- 
ting of costs. 

[0036] A cylindrical portion 23a constitutes a cover 
22a made of metal, such as steel or aluminum, which 
closes an opening at the end of the journal box 2. A sen- 
sor mount hole 26a is formed at a proximal position on 
the cylindrical portion 23a (i.e., a position close to the 
right-side end shown in Fig. 1) so as to penetrate from 
the outer circumferential surface of the cylindrical por- 
tion 23a to the inner circumferential surface of the same. 
The sensor unit 35 is inserted into the sensor mount hole 
26a from the outside of the cylindrical portion 23a to the 
inside of the same in a radial direction of the cylindrical 
portion 23a. 

[0037] The sensor unit 35 is constituted by means of 
retaining the rotation speed sensor 27a and the temper- 
ature sensor 29a in the single sensor h older 33. Of these 
parts, the rotation speed sensor 27a is embodied by use 
of one which is constituted of a magnetic resistant ele- 
ment, a hole element, or a combination of a permanent 
magnet and a magnetic coil and which changes output 
in accordance with changes in magnetic flux density or 
the direction of magnetic flux, as in the case of a related- 
art rotation speed sensor. Such a rotation speed sensor 
27a is embedded in the extremity of the sensor holder 
33, and a detecting surface of the rotation speed sensor 
27a is arranged so as to closely oppose the outer rim of 
the flange section 34. In contrast, the temperature sen- 
sor 29a is supported in a position close to the outer cir- 
cumferential surface of the sensor holder 33. The posi- 
tion at which the temperature sensor 29a is to be sup- 
ported is set as close as possible to the cover 22a, 
where, the temperature sensor 29a is vulnerable to heat 
transferring from the outer ring 4 to the cover 22a. 
[0038] In order to improve the temperature detecting 
performance of the temperature sensor 29a, the sensor 
holder 33 must have good heat conductivity. Further, in 
order to cause the temperature of the sensor holder 33 
to reach ambient temperature within a short period of 
time, the sensor holder 33 must have small heat capac- 
ity. Material having large heat conductivity and small 
per-volume heat capacity (= density x specific heat) is 
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suitable for the sensor holder 33. More specifically, use 
of aluminum, magnesium, copper, zinc, or their alloys, 
each having the foregoing characteristics, as material 
of the sensor holder 33 is preferable, so long as these 
materials raise no problem in terms of strength and cost, 5 
In order to facilitate transfer of heat from the outer ring 
4 to the temperature sensor 29a, these materials are 
used as material of the journal box 2 and that of the cov- 
er 22a, so long as the materials pose no problem in 
terms of strength and cost. If the materials pose a prob- 10 
I em in terms of strength, stainless steel may also be em- 
ployed. However, even when stainless steel is em- 
ployed as material of the sensor holder 33, non-mag- 
netic stainless steel such as austenite stainless steel is 
employed. The reason for this is that, if the sensor holder 15 
33 is made of mag neticstain less steel, magnetic prop- 
erties of the sensor holder 33 will hinder, the rotation 
speed sensor 27a from measuring a rotation speed, 
thus posing difficulty in accurate measurement of rota- 
tion speed. For this reason, non-magnetic stainless 20 
steel is preferable as material of the sensor holder 33. 
[0039] While the above-mentioned sensor unit 35 re- 
mains inserted in the sensor mount hole 26a from the 
outside to the inside of the cylindrical portion 23a in the 
radial direction thereof, amount flange 30c provided on 25 
the outer circumferential surface of the sensor unit 35 is 
fixedly coupled to the outer circumferential surface of 
the cylindrical portion 23a by means of bolts 31c, 31c. 
In this state, a detecting section of the rotation speed 
sensor 27a located at the end face of the sensor unit 35 30 
closely opposes a detected section provided on the out- 
er rim of the flange section 34 with a minute clearance 
provided therebetween. The temperature sensor 29a 
closely opposes the cylindrical portion 23a of the cover 
22a via a portion of the sensor holder 33. A harness 35 
which serves as a conductor for acquiring a signal out- 
put from the rotation speed sensor 27a (hereinafter sim- 
ply called a "harness") and another harness for acquir- 
ing output from the temperature sensor 29a are bundled 
into a. single cable 36,.and the cable 36 is connected to *o 
an unillustrated controller. An O-ring 42 is fitted between 
a portion of the outer circumferential surface of the sen- 
sor holder 33 and the inner circumferential surface of 
the sensor mount hole 2.6a, thereby preventing entry of 
extraneous matter, such as muddy water, via a clear- 45 
ance between these circumferential surfaces. 
[0040] As mentioned above, in the case of the rotating 
support apparatus with sensor according to the present 
invention, the single sensor holder 33 retains the rota- 
tion speed sensor 27a and the temperature sensor 29a, so 
thus reducing the space to be occupied by the sensors 
27a and 29a and facilitating mounting of the same. The 
harnesses for acquiring signals output from the sensors 
27a and 29a are bundled into the single cable 36, there- 
by facilitating routing of the harnesses for acquiring sig- 55 
nals from the sensors 27a and 29a. In the present em- 
bodiment, the sensor unit 35 is supported on the cover 
22a, which is removably attached to the opening section 



of the journal box 2. Hence, at the time of maintenance 
and inspection, the sensor unit 35 can be readily re- 
moved or attached. 

[0041 ] The harness for acqu iring a signal output from 
the rotation speed sensor 27a and the harness for ac- 
quiring a signal output from the temperature sensor 29a 
are shielded individually while being housed in the sin- 
gle cable 36. Even when a plurality of harnesses are 
bundled into the single cable 36, there can be prevented 
occurrence of interference, which would otherwise arise 
in signal currents flowing through the harnesses, by 
means of shielding the harnesses individually. Particu- 
larly, when a harness for sending a pulse-like sig- 
nal — which represents a rotation speed and is output 
from the rotation speed sensor 27a— and a harness for 
delivering an analog signal — which is output from the 
temperature sensor 29a and represents a tempera- 
ture—are bundled together, noise appears in the analog 
signal for reasons of electromagnetic coupling (electro- 
static coupling, electromagnetic induction, or coupling 
of electromagnetic waves) at the time of occurrence of 
variations in a pulse-like voltage or current. By means 
of shielding the harnesses individually, there can be pre- 
vented occurrence of noise, which would otherwise 
arise in the manner mentioned above. 
[0042] More preferably, the harnesses for acquiring 
signals output from the respective sensors 27a and 29a 
and a ground line for grounding purpose are stranded 
(twisted), thereby further diminishing influence of noise 
stemming from electromagnetic coupling. An effect of 
dampening influence of noise can be further increased, 
by means of individually shielding a twisted pair consist- 
ing of the stranded harnesses and the ground line or 
collectively shielding all the twisted pairs. Particularly, 
under the situation in which the rotation speed sensor 
27a outputs a digital signal, when the harness for deliv- 
ering a signal output from the rotation speed sensor 27a 
and the harness for delivering an analog signal output 
from the temperature sensor 29a (also a signal output 
from a vibration sensor to be incorporated into a fifth 
embodiment shown in Fig. 6, such as an acceleration 
sensor 40) are bundled into the single cable 36, the ef- 
fect of stranding the harnesses for delivering the output 
signals and the ground line is great. 
[0043] In the illustrated embodiment, projections and 
depressions are formed in the outer rim of the flange 
section 34 formed integrally with the annular member 
12a, thereby assembling the annular member 12a and 
the encoder into a single piece. Alternatively, an inde- 
pendent disk-shaped encoder can be sandwiched be- 
tween the annular member 12a and the nut 14, or pro- 
jections and depressions can be formed in the outer rim 
of an outward flange section formed integrally with the 
outer circumferential surface of the inner end section of 
the nut 1 4, so that the encoder is integrated with the nut 
1 4. As an encoder, there may also be employed an an- 
nular encoder which is constituted by bending a mag- 
netic metal plate and forming a plurality of through holes 
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in a portion of the thus-folded metal plate in a circum- 
ferential direction of the plate; or an annular permanent 
magnet having S-poles and N-poles alternately ar- 
ranged in the circumferential direction thereof. Even in 
these cases, the sensor unit 35 can be provided at a 5 
position close to the outer ring in the axial direction of 
the sensor unit. When compared with the related-art 
construction in which the encoder is located outside the 
nut in the axial direction thereof, the construction ac- 
cording to the present embodiment enables improve- to 
ment in the temperature detecting performance of the 
temperature sensor 29a. Alternatively, in order to enable 
the temperature sensor 29a to accurately detect a rise 
in the temperature of the double row tapered roller bear- 
ing 3, a windshield plate can be provided for covering a « 
portion of the sensor unit 35 projecting from the outer 
circumferential surface of the cover 22a, thus preventing 
the sensor unit 35 from being cooled by outside air. The 
direction in which the cable 36 is to be led from the sen- 
sor unit 35 is not limited to a diametrical direction such 20 
as that illustrated; the cable 36 may be led in any direc- 
tion, such as a tangential direction or the direction of 
intermediate of the cable 36, in accordance with a loca- 
tion where the cable 36 is to be provided, as required. 
In this case, an L-shaped portion for guiding a leading 25 
direction of the cable 36 may be provided at the root of 
the cable 36. 

[0044] Fig. 3 shows a second embodiment of the 
present invention. In the present embodiment, the jour- 
nal box 2a extends so as to surround the annular mem- 30 
ber 1 2a, and the sensor mount hole 26b is formed in the 
end section of the journal box 2a. 
[0045] In contrast with the first embodiment, the 
present embodiment may encounter a disadvantage of 
processing of a sensor mount bearing surface or the 35 
sensor mount hole 26b becoming troublesome; a disad- 
vantage of the axial dimension of the journal box 2a be- 
coming larger, thereby rendering the rotating support 
apparatus heavier (increasing the dimension of the jour- 
nal box. rather than increasing the axial dimension of 40 
the cover tends to induce an increase the weight of a 
rotating support apparatus); or a disadvantage of an op- 
eration for removing and attaching the sensor unit 35 
from and to the sensor mount hole 26b for maintenance 
and inspection purpose becoming troublesome to some 45 
degree. However, transfer of heat from the outer ring 4 
constituting the double row tapered roller bearing 3 to 
the temperature sensor 29a is improved as compared 
with the case of the first embodiment. 
[0046] Fig. 4 shows a third embodiment of the present so 
invention. In the present embodiment, in order to retain 
the inner rings 5 and the annular member 1 2 in the axial 
direction, a holding plate 38 formed so as to have an 
overall disk-like shape and a crank-shaped profile in 
cross section is fixedly coupled to the end face of the 55 
axle shaft 1 by means of the plurality of bolts 39. Pro- 
jections and depressions are alternately formed at uni- 
form intervals in the circumferential direction along the 



outer rim of the holding plate 38, thus changing the mag- 
netic properties of the outer rim alternately and at uni- 
form intervals in the circumferential direction. Thus, the 
holding plate 38 is imparted with the function of an en- 
coder for detecting a rotation speed. 
[0047] In other respects, the present embodiment is 
identical in construction and operation with the first em- 
bodiment, and hence explanations of the same ele- 
ments are omitted. 

[0048] Fig. 5 shows a fourth embodiment of the 
present invention. In the present embodiment, the jour- 
nal box 2a is extended so as to surround the holding 
plate 38, and a sensor mount hole 26b is formed in the 
end section of the journal box 2a. 
[0049] In contrast with the third embodiment, the 
present embodiment encounters a disadvantage of 
processing of a sensor mount bearing surface or the 
sensor mount hole 26b becoming troublesome; a disad- 
vantage of the axial dimension of the journal box 2a be- 
coming larger, thereby rendering the rotating support 
apparatus heavier; or a disadvantage of an operation 
for removing and attaching the sensor unit 35 from and 
to the sensor mount hole 26b for maintenance and in- 
spection purpose becoming troublesome to some de- 
gree. However, transfer of heat from the outer ring 4 con- 
stituting the double row tapered roller bearing 3 to the 
temperature sensor 29a is improved as compared with 
the case of the third embodiment. 
[0050] In other respects, the present embodiment is 
identical in construction and operation with the third em- 
bodiment, and hence explanations of the same ele- 
ments are omitted. 

[0051 ] Fig. 6 shows a fifth embodiment of the present 
invention. In the present embodiment, the diameter of 
the intermediate portion of the sensor holder 33a is 
made larger than that of the extremity of the sensor hold- 
er 33a, thus forming a step in the outer circumferential 
surface of the sensor holder 33a. The temperature sen- 
sor 29a is provided in a position adjacent to the step 
formed in a location close to the extremity of the sensor 
holder 33a. In order to realize superior transfer of heat 
to the temperature sensor 29a, material identical with 
that of the cover 22a (e.g., iron) covers the extremity 
and the step of the sensor holder 33a. In the present 
embodiment, an acceleration sensor 40 (a vibration 
sensor) for detecting vibration is housed in the sensor 
holder 33a along with the rotation speed sensor 27a and 
the temperature sensor 29a,. thus constituting a sensor 
unit 35a. A harness for acquiring signal output from the 
acceleration sensor 40 is bundled with the harnesses 
for acquiring signals output from the rotation speed sen- 
sor 27a and from the temperature sensor 29a, thus con- 
stituting the single cable 36a. 

[0052] Even in the present embodiment, the harness 
for acquiring signal output from the rotation speed sen- 
sor 27a, the harness for acquiring signal output from the 
temperature sensor 29a, and the harness for acquiring 
signal output from the acceleration sensor 40 are 
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housed in the single cable 36. As in the case of the first 
embodiment, the harnesses are stranded with the 
ground line and shielded individually, and a twisted pair 
stranded with the ground line is shielded, thereby pre- 
venting occurrence of interference, which would other- 5 
wise arise between signal currents flowing through the 
harnesses. Particularly, when a harness for sending a 
pulse-like signal, which represents a rotation speed and 
is output from the rotation speed sensor 27a; a harness 
for delivering an analog signal, which is output from the io 
temperature sensor 29a and represents a temperature; 
and a harness for delivering an analog signal, which is 
output from the acceleration sensor 40 and represents 
vibration, are bundled together, noise appears in the an- 
alog signal for reasons of electromagnetic coupling at 15 
the time of occurrence of changes in a pulse-like voltage 
or current. By means of stranding each harness with a 
ground line, shielding the harnesses individually, or 
shielding a twisted pair stranded with a ground line, 
there can be prevented occurrence of noise in the man- 20 
ner mentioned previously. In the case of a harness for 
delivering a signal of small output power, such as a sig- 
nal which is output from the acceleration sensor 40 and 
represents vibration, shielding and twisting of harness- 
es yields a strong noise prevention effect. For these rea- 25 
sons, shielding and twisting of harnesses is preferable. 
Although an effect is yielded by mere shielding of each 
harness or mere twisting each harness with a ground 
line, the combination of shielding of each harness and 
twisting each harness with a ground line yields a supe- 30 
rior noise prevention effect. In this case, collectively 
shielding surroundings of a twisted pair, the pair consist- 
ing of a harness for delivering an output signal and a 
ground line, is most preferable. Noise can be eliminated 
to some degree, by means of providing a low-pass filter 35 
in the circuit or a measuring instrument of the sensors 
27a, 29a, and 40. 

[0053] In the present embodiment, the sensor holder 
33a is provided not only with the temperature sensor 
29a but also with the acceleration sensor 40 serving as *o 
a vibration sensor for detecting vibration. In the event 
that an abnormality, such an occurrence of flaking, has 
arisen in the double row tapered roller bearing 3, the 
status of flaking of the double row tapered roller bearing 
3 can be sensed immediately. In contrast with the case 45 
where only the temperature sensor 29a is provided, the 
present embodiment enables realization of a construc- 
tion suitable for monitoring an abnormality in a rolling 
bearing. In a case where monitoring of an abnormality 
in a roller bearing and monitoring of a rotation speed are so 
intended, a combination of three types of sensors; that 
is, the rotation speed sensor 27a, the temperature sen- 
sor 29a, and a vibration sensor, such as the acceleration 
sensor 40, is most preferable. An abnormality in a roller 
bearing and a rotation speed can be monitored by a 55 
combination of the rotation speed sensor 29a and a vi- 
bration sensor, such as the acceleration sensor 40, or 
by a combination of the rotation speed sensor 29a and 



the temperature sensor 20a. In a case where monitoring 
only an abnormality in a roller bearing is intended, there 
is employed a combination of the temperature sensor 
29a and a vibration sensor, such as the acceleration 
sensor 40, and the rotation speed sensor 27a can be 
omitted. Xn this case, there is no necessity for forming 
projections and depressions in the outer rim in the flange 
section 34. Alternatively, even when a harness for de- 
livering a signal output from the temperature sensor 29a 
and a harness for delivering a signal output from a vi- 
bration sensor, such as the acceleration sensor 40, are 
combined together, if the vibration sensor has detected 
a targe vibration value (i.e., a large amplitude of a signal 
representing vibration), twisting each harness with the 
ground line, shielding the harnesses individually, or 
shielding a twisted pair stranded with the ground line is 
preferable. 

[0054] In other respects, the present embodiment is 
identical in construction and operation with the first em- 
bodiment, and hence explanations of comparable ele- 
ments are omitted. 

[0055] Fig. 7 shows a sixth embodiment of the present 
invention. In the present embodiment, the journal box 
2a is extended so as to surround the annular member 
1 2a, and the sensor mount hole 26b is formed in the end 
of the journal box 2a. 

[0056] In contrast with the fifth embodiment, the 
present embodiment encounters a disadvantage of 
processing of a sensor mount bearing surface or the 
sensor mount hole 26b becoming troublesome; a disad- 
vantage of the axial dimension of the journal box 2a be- 
coming larger, thereby rendering the rotating support 
apparatus heavier; or a disadvantage of an operation 
for removing and attaching the sensor unit 35 from and 
to the sensor mount hole 26b for maintenance and in- 
spection purpose becoming troublesome to some de- 
gree. However, transfer of heat from the outer ring 4 con- 
stituting the double row tapered roller bearing 3 to the 
temperature sensor 29a is improved as compared with 
the case of the fifth embodiment. 
[0057] In other respects, the present embodiment is 
identical in construction and operation with the fifth em- 
bodiment, and hence explanations of the same ele- 
ments are omitted. 

[0058] Fig. 8 shows a seventh embodiment of the 
present invention. In the present embodiment, a rotation 
speed sensor 27b and a temperature sensor 29b are 
embedded in a single retained block 41 made of syn- 
thetic resin. The retained block 41 is held at the extrem- 
ity of a sensor holder 33b, thereby constituting a sensor 
unit 35b. Alternatively, the rotation speed sensor 27b 
and the temperature sensor 29b can be molded at the 
extremity of the sensor holder 33b, simultaneous with 
molding of the sensor holder 33b. 
[0059] In the case of the construction of the rotating 
support apparatus according to the present embodi- 
ment, the temperature sensor 29b is situated within the 
cover 22a, and hence the temperature sensor 29b can 
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detect the temperature of the double row tapered roller 
bearing 3 in a more reliable manner and without being 
subjected to the influence of outside air. 
[0060] In other respects, the present embodiment is 
identical in construction and operation with the first em- s 
bodiment, and hence explanations of the same ele- 
ments are omitted. 

[0061] Fig. 9 shows an eighth embodiment of the 
present invention. In the present embodiment, the jour- 
nal box 2a is extended so as to surround the annular 10 
member 12a, and the sensor mount hole 26b is formed 
in the end of the journal box 2a. 
[0062] In contrast with the seventh embodiment, the 
present embodiment encounters a disadvantage of 
processing of a sensor mount bearing surface or the is 
sensor mount hole 26b becoming troublesome; a disad- 
vantage of the axial dimension of the journal box 2a be- 
coming larger, thereby rendering the rotating support 
apparatus heavier; or a disadvantage of an operation 
for removing and attaching the sensor unit 35b from and 20 
to the sensor mount hole 26b for maintenance and in- 
spection purpose becoming troublesome to some de- 
gree. However, transfer of h eat from the outer ring 4 con- 
stituting the double row tapered roller bearing 3 to the 
temperature sensor 29a is improved as compared with 25 
the case of the seventh embodiment. 
[0063] In other respects, the present embodiment is 
identical in construction and operation with the seventh 
embodiment, and hence explanations of the same ele- 
ments are omitted. 30 
[0064] Figs. 10 and 11 show a ninth embodiment of 
the present invention. In connection with the construc- 
tion of the rotating support apparatus according to the 
present embodiment, a reference voltage generation 
circuit 52 is retained in the sensor holder 33a constitut- 35 
ing a sensor unit 35c, along with the rotation speed sen- 
sor 27a, the temperature sensor 29a, and the acceler- 
ation sensor 40 serving as a vibration sensor. The ref- 
erence voltage generation circuit 52 is for generating a 
reference voltage to be supplied to at least one of the 40 
temperature sensor 29a and the acceleration sensor 40 
(the temperature sensor 29a in the present embodi- 
ment). For instance, a constant voltage regulator, a 
DC-DC converter, a reference voltage IC f or a constant 
voltage diode can be used as the reference voltage gen- 45 
eration circuit 52. In the present embodiment, such a 
reference voltage generation circuit 52 is connected to 
a power supply circuit of the temperature sensor 29a in 
such a manner as shown in Rg. 11, thereby supplying 
to the temperature sensor 29a a predetermined refer- so 
ence voltage (having an invariable, accurate value). Rg. 
11 shows a case in which using the constant voltage 
regulator, a reference voltage; that is, 5V, is produced 
from a supply voltage; that is, DC 12V, and the thus- 
produced reference voltage is supplied to a thermistor ss 
serving as the temperature sensor 29a. In addition to an 
NTC thermistor (negative temperature coefficient ther- 
mistor), a PTC thermistor (positive temperature coeffi- 



cient thermistor), and a CTR thermistor (critical temper- 
ature register thermistor), a thermistor made of silicon 
(e.g., a silicon thermistor) can be used as the thermistor 
constituting the temperature sensor 29a. In. addition to 
a thermistor, a resistance temperature sensor (RTD) or 
a temperature IC (integrated circuit temperature sensor) 
can also be used as the temperature sensor 29a. 
[0065] In the present embodiment, a reference volt- 
age produced by the reference voltage generation cir- 
cuit 52 is supplied to the temperature sensor 29a, there- 
by enabling accurate measurement of a temperature. 
The supply voltage (DC 12V) varies in accordance with 
the ambient temperature of a power source, variations 
in loads connected to the power source, and variations 
in the external environment. When the supply voltage is 
supplied to the temperature sensor 29a such as a ther- 
mistor, a voltage output from the temperature sensor 
29a, the voltage representing a value measured by the 
temperature sensor 29a, also varies, thus hampering 
accurate measurement. In contrast, in the present em- 
bodiment, the reference voltage generation circuit 52 
sends a constant reference voltage to the temperature 
sensor 29a without regard to variations in the external 
environment, thereby enabling accurate measurement. 
Needless to say, the supply voltage and the reference 
voltage are not limited to those mentioned above and 
can be selected in accordance with the characteristics 
of the power source or those of .the temperature sensor 
29a, as required. 

[0066] Rgs. 12 and 13 show a tenth embodiment of 
the present invention. In the present embodiment, the 
reference voltage generation circuit 52 and an amplify- 
ing circuit (amplifier) 53 are retained in the sensor holder 
33a constituting a sensor unit 35d, along with the rota- 
tion speed sensor 27a, the temperature sensor 29a, and 
the acceleration sensor 40 serving as a vibration sensor. 
As a result of the acceleration sensor 40 being com- 
bined with the reference voltage generation circuit 52 
and the amplifying circuit 53 in the manner mentioned 
above, the acceleration sensor 40 can accurately meas- 
ure the vibration exerted on the double row tapered roll- 
er bearing 3, without use of an expensive circuit. The 
reason for this will now be described. 
[0067] A sensor of bimorph type mounted in a fixed 
beam manner using a piezoelectric element is used as 
the acceleration sansor 40 (vibration sensor) to be in- 
corporated into the rotating support apparatus having 
the foregoing construction. In the acceleration sensor 
40 of such a type, a bimorph — which is a piezoelectric 
element supported in a fixed beam manner— is de- 
formed by the acceleration of vibration, and a vibration 
level is measured on the basis of electric charges stem- 
ming from deformation of the bimorph. The acceleration 
sensor 4.0 (or vibration sensor) is not limited to the sen- 
sor of bimorph type mounted in a fixed beam manner; 
a sensor having a piezoelectric element supported in a 
cantilever fashion or a vibration sensor using an annular 
piezoelectric element may also be used. Moreover, an 
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acceleration sensor (vibration sensor) using a strain 
gauge in lieu of a piezoelectric element can also be 
used. Even when any one of the above-described sen- 
sors is used, electric charge proportional to the magni- 
tude of acceleration exerted on the acceleration sensor 5 
40 usually appears in an output terminal of the acceler- 
ation sensor 40 (vibration sensor) in accordance with 
the direction of acceleration. Accordingly, a "positive" 
voltage and a "negative" voltage develop, in appear- 
ance, in the output terminal of the acceleration sensor io 
40. 

[0068] If the positive and negative output voltages are 
amplified as it is, a negative power supply as well as a 
positive power suppfymust be prepared, thus complicat- 
ing a power supply circuit correspondingly and increas- f 5 
ing costs. In the present embodiment, however, the ref- 
erence voftage produced by the reference voltage gen- 
eration circuit 52 is taken as a reference, and the voltage 
of a signal output from the acceleration sensor 40 is off- 
set by an amount corresponding to the reference volt- 20 
age (i.e., the reference voltage is added to the voltage 
of an output signal), thereby causing the voltage of the 
output signal to change within only a "positive" range 
and obviating a necessity for preparing a "negative" 
power source. In the present embodiment, a circuit 25 
shown in Fig. 1 3 processes the voltage of a signal output 
from the acceleration sensor 40 while a reference volt- 
age (5V) produced by the reference voltage generation 
circuit 52 is taken as a reference. More specifically, 
changes in the voltage of the signal output from the ac- 30 
celeration sensor 40 with respect to the reference volt- 
age are amplified by an operation amplifier used as the 
amplifying circuit 53, whereby the thus-amplified chang- 
es are delivered (output) as a signal output from the ac- 
celeration sensor 40. 35 
[0069] Thus, the signal output from the acceleration 
sensor 40 is delivered after having been amplified. 
Hence, the signal output from the acceleration sensor 
40 is less susceptible to noise, and a signal-to-noise ra- 
tio of the output signal to be delivered to an unillustrated *o 
controller is improved. Specifically, since the signal out- 
put from the acceleration sensor 40 has high imped- 
ance, if the signal output from the acceleration sensor 
40 is extracted outside from the main body of the accel- 
eration sensor 40 as it is, the output signal is vulnerable 45 
to noise. In the present embodiment, however, the sig- 
nal output from the acceleration sensor 40 is amplified 
by the amplifying circuit 53, such as an operation ampli- 
fier, thus amplifying the voltage of the output signal and 
reducing an output impedance of the same. In this way, so 
even when the output signal is extracted outside the 
sensor unit 35d, the signal becomes preferably less vul- 
nerable to noise (i.e., the signal-to-noise ratio of the sig- 
nal becomes less susceptible to deterioration). 
[0070] The above embodiment has described a case ss 
where an operation amplifier for amplifying a voltage is 
used as the amplifying circuit 53 for amplifying output 
from the acceleration sensor 40. In the present inven- 



tion, an amplifier which outputs an electric current as an 
output signal can also be used as the amplifying circuit 
53, in lieu of the operation amplifier for amplifying a volt- 
age. In this case, the signal output from the acceleration 
sensor 40 is input to the amplifying circuit (amplifier) 53a 
which outputs the signal as an electric current, by means 
of a circuit as shown in Fig. 14. The amplifying circuit 
53a outputs the signal originating from the acceleration 
sensor 40 as a signal for which changes in a vibration 
value are converted into changes in current. As a result, 
the output signal becomes less vulnerable to noise or to 
the influence of a wiring impedance of a signal transmis- 
sion cable, which is more preferable. 
[0071] The tenth embodiment has described a case 
where the signal amplified by the amplifying circuit 53 
or 53a corresponds to a signal which is output from the 
acceleration sensor 40 and represents vibration. Even 
in the case of the signal output from the temperature 
sensor 29a described in connection with the ninth em- 
bodiment shown in Fig. 1 0, the signal maybe output after 
amplifying the voltage thereof by the amplifying circuit 
53, or amplifying an electric current value thereof by the 
amplifying circuit 53a. As in a case where the signal out- 
put from the acceleration sensor 40 is amplified, there 
is yielded an effect of increasing a signal-to-noise, ratio 
of the output signal. 

[0072] Rgs. 1 5 through 1 7 show an eleventh embod- 
iment of the present invention. An axle shaft 101 acts 
as a rotating shaft which rotates at the time of use while 
having an unillustrated wheel fixedly supported thereon. 
The axle shaft 101 is rotatably supported by a double 
row tapered roller bearing 1 03 (which serves as a rolling 
bearing) at the interior diameter of a journal box 102a 
(which does not rotate, even at the time of use). The 
double row tapered roller bearing 1 03 comprises an out- 
er ring 104 and a pair of inner rings 105, which are ar- 
ranged concentrically with each other, and a plurality of 
tapered rollers 1 06, 1 06. Of these elements, the entirety 
of the outer ring 1 04 is formed into a substantially cylin- 
drical shape, and outer ring raceways 107 are formed 
in two rows along the inner circumferential surface of 
the outer ring 104. Each outer ring raceway 107 has a 
tapered concave geometry, and the outer ring raceways 
1 07, 1 07 are inclined in opposite directions such that the 
interior diameter of the outer ring raceway 1 07 becomes 
greater toward the edge of the outer ring 1 04 with refer- 
ence to the axial direction thereof. 
[0073] Each of the pair of inner rings 105 is formed 
into a substantially short cylindrical shape, and a ta- 
pered convex inner ring raceway 108 is formed along 
the outer circumferential surface of each inner ring 1 05. 
The inner rings 1 05 are arranged at the interior diameter 
of the outer ring 104 and concentrically with the outer 
ring 104 while thesmaJler-diameter-side end faces of the 
respective inner rings 1 05 are mutually opposed with a 
short cylindrical spacer 111 interposed therebetween. 
Moreover, a plurality of the tapered rollers 1 06, 1 06 are 
rotatably retained by a retainer 109 provided between 
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each outer ring raceway 107 and the corresponding in- 
ner ring raceway 108. 

[0074] The outer ring 1 04 of the double row tapered 
roller bearing 103 is fittingly retained by the interior of 
the journal box 102a. In the present embodiment, the s 
outer ring 1 04 is sandwiched from either side with ref- 
erence to the axial direction of the outer ring 104 be- 
tween a step 110 formed at a position on the interior sur- 
face of the journal box 102a close to one edge thereof 
(i.e., the left-side edge shown in Fig. 15) and a presser io 
ring 133 fittingly fixed to the interior of the other edge 
portion of the journal box 102a (i.e., the right-side edge 
portion in Fig. 15). The inner rings 105, 105 and the 
spacer 111 being interposed therebetween are fitted in 
a position on the outer circumferential surface of the axle » 
shaft 101 close to one end thereof (i.e., the left end of 
shown in Rg. 15). 

[0075] In order to fix the respective inner rings 105, 
1 05 and the spacer 1 1 1 to the end of the axle shaft 101, 
annular members 112a, 112b called oil throwers are fit- 20 
ted to the respective ends of the axle shaft 101 so as to 
be separated from each other in the axial direction. Of 
the two annular member 112a, 112b, the annular mem- 
ber 112a, which is fitted in a position close to the inside 
of the axle shaft 1 01 with reference to the axial direction, 25 
is engaged with a step 134 formed in an inner position, 
on the end section of the axle shaft 101 with reference 
to the axial direction, thereby preventing the displace- 
ment of the axle shaft 1 01 toward the inside in the axial 
direction. In contrast, the annular member 112b, which 30 
is fitted to a position close to the outside of the axle shaft 
101 with reference to the axial direction, is retained by 
an end cap 1 35 fastened to the end face of the axle shaft 
101 by means of bolts 115a, 115b, thereby preventing 
the displacement and dislodgment of the annular mem- 35 
ber 112b from the axle shaft 101 . In this way, the inner 
rings 105, 105 and the spacer 111 are fastened to the 
end section of the axle shaft 101 from either side with 
reference to the axial direction, by means of the pair of 
annular members 1 1 2a, 1 1 2b. ao 
[0076] Seal cases 1 1 7a, 1 1 7b are formed from a metal 
plate, such as a mild steel plate, so as to have a sub- 
stantially cylindrical shape overall and a crank-shaped 
profile in cross section. The seal cases 117a, 117b are 
fastened fittingly to the interior of respective end sec- 45 
tions of the outer ring 104, through tight fitting. A seal 
rings 118a is provided between an inner circumferential 
surface of the seal case 117a and an outer circumfer- 
ential surface of the annular member 112a; and. simi- 
larly, a seal ring 1 1 8b is provided between an inner cir- so 
cumferential surface of the seal case 1 1 7b and an outer 
circumferential surface of the annular member 112b, 
thereby sealing an opening on either end of an interior 
space 1 36 having the tapered rollers 1 06, 1 06 provided 
therein. This construction prevents leakage to the out- 55 
side of grease for lubrication purpose sealed in the in- 
terior space 136 and entry of extraneous matter, such 
as rainwater or dust, into the interior space 1 36 from the 



outside. 

[0077] An encoder 1 1 9a integrally formed from mag- 
netic metal, such as a steel product, is fixedly fitted 
around an intermediate section on the outer circumfer- 
ential surface of the spacer 111, through tight f itting. The 
encoder 1 1 9a is formed so as to have the overall shape 
of an external gear, and projections and depressions are 
alternately formed at uniform intervals in the outer rim 
of the encoder 1 19a in a circumferential direction there- 
of. The magnetic properties of the outer rim are changed 
alternately at uniform intervals with reference to the cir- 
cumferential direction. The outer rim acts as a detected 
section for detecting a rotation speed of wheels. The en- 
coder 119a is not limited to one which is formed from 
magnetic metal, such as a steel product, so as to have 
the external gear. The encoder 1 1 9a may be embodied, 
by means of molding magnetic metal, such as a steel 
product, into a cylindrical shape, and forming a plurality 
of slit-shaped holes axially-elongated in at least an outer 
circumferential surface of the cylindrical metal at uni- 
form intervals with reference to a circumferential direc- 
tion thereof. Alternatively, the encoder 119a may also 
be embodied, by means of affixing a rubber magnet to 
the entire outer circumferential surface of cylindrical 
core material made of magnetic metal. In this case, the 
rubber magnet is polarized in a radial direction, and a 
polarization direction is switched alternately at uniform 
intervals with reference to the circumferential direction, 
thus constituting S poles and N poles alternately at uni- 
form intervals on the outer circumferential surface. 
[0078] A housing section 138 for housing a sensor 
unit 137 to be described later is provided in a lower por- 
tion of the journal box 1 02a, so as to protrude downward. 
The outer circumferential surface of the lower end sec- 
tion of the outer ring 104 is exposed in the housing sec- 
tion 1 38. An opening at an outer end of a sensor mount 
hole 126a formed in the lower end section of the outer 
ring 1 04 is situated in the housing section 1 38. The sen- 
sor mount hole 126a is in the axialry-jntermediate sec- 
tion of the outer ring 104 and between the pair of outer 
ring raceways 1 07, 1 07, so as to penetrate from the out- 
er circumferential surface to the inner circumferential 
surface of the outer ring 104. The sensor mount hole 
1 26a has a stepped geometry formed by means of con- 
tinuously connecting a large-diameter portion 139 close 
to an exterior diameter with a small-diameter portion 1 40 
close to an interior diameter by way of a step 141 . 
[0079] A partition case 142 is fittingly supported in 
such a sensor mount hole 126a. The partition case 142 
is formed thinly from a non-magnetic material having su- 
perior thermal conductivity, such as aluminum or its al- 
loys, copper or its alloys, or austenite stainless steel. A 
base-end half of the case 142 (i.e., a lower half of the 
case 142 shown in Rgs. 15 and 16) is formed into a 
stepped cylindrical shape so as to be hermetically and 
removably fitted into the sensor mount hole 126a. A front 
half of the case 142 has a bottomed cylindrical shape 
closing a leading-end opening. When the base-end half 
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of the partition case 142 is hermetically fitted into the 
sensor mount hole 126a, the leading end face of the 
case 142 (i.e.,. the upper end face shown in Figs. 15 
and 16) is closely opposed to the outer circumferential 
surface of the encoder 1 1 9a. The partition case 1 42 is 5 
preferably formed from non-magnetic metal having su- 
perior heat conductivity. Alternatively, the case 142 may 
be formed from material having sufficient heat-resist- 
ance, the material being selected from non-magnetic 
materials such as synthetic resin and rubber, although 10 
the material is slightly inferior in thermal conductivity to 
non-magnetic metal. 

[0080] The sensor unit 137 is inserted into the parti- 
tion case 142 retained in the sensor mount hole 126a 
by way of an opening on the base end of the partition » 
case 142 from the outside of the outer ring 104 to the 
inside of the same in the radial direction. The sensor unit 
1 37 is constituted, by means of retaining in a single sen- 
sor holder 1 43, a rotation speed sensor 1 27a, a temper- 
ature sensor 1 29a, and a vibration sensor (acceleration 20 
sensor) 1 44 for detecting vibrations. Of these elements, 
as the rotational speed sensor 127a, there is employed 
one which is constituted of a magnetic resistant ele- 
ment, a hole element, or a combination of a permanent 
magnet and a magnetic coil and which changes output 25 
in accordance with changes in magnetic flux density or 
the direction of magnetic flux, as in the case of a related- 
art rotation speed sensor. Such a rotation speed sensor 
1 27a is embedded in the extremity of the sensor holder 
1 43, and a detecting surface of the rotation speed sen- 30 
sor 127a is arranged so as to ciosefy oppose the outer 
circumferential surface of the encoder 1 1 9a via the bot- 
tom of the partition case 142. In contrast, the tempera- 
ture sensor 129a is supported in the intermediate sec- 
tion of the sensor holder 1 43 close to the outer circum- 35 
ferential surface of the same and opposes the inner cir- 
cumferential surface of the sensor mount hole 126a via 
an intermediate wall of the partition case 142. Specifi- 
cally, the position at which the temperature sensor 1 29a 
is to be supported is set as close as possible to the outer 40 
ring 1 04, where the temperature sensor 129a is vulner- 
able to heat of the outer ring 104. The vibration sensor 
144 is embedded and supported in a portion of the sen- 
sor holder 1 43 where the vibration sensor 1 44 interferes 
with the rotation speed sensor 127a and the tempera- *5 
ture sensor 129a. That is, the vibration sensor 144 can 
be placed in any position where the vibration sensor 1 44 
can detect vibration propagating to the sensor holder 
143 from the outer ring 104. 

[0081 J I n order to improve the temperature detecting so 
performance of the temperature sensor 129a, as de- 
scribed in the first embodiment, it is preferable that the 
sensor holder 143 is made of aluminum, magnesium, 
copper, zinc, or their alloys, so long as these materials 
raise no problem in terms of strength and cost. Artema- S5 
tively, the sensor holder 143 may be formed from mate- 
rial having sufficient heat-resistance, the material being 
selected from austenite stainless steel, synthetic resin, 



and rubber, although the material slightly deteriorates 
the temperature detecting performance. In this case, the 
vibration sensor 144 is provided in a position dose to 
the outer circumferential surface of the sensor holder 

143 without involvement of low-stiffness material, such 
as synthetic resin or rubber, between the outer ring 104 
and the vibration sensor 144 thereby facilitating propa- 
gation of vibration from the outer ring 1 04 to the vibration 
sensor 144. 

[0082] Of the sensor holder 1 43, a portion of the hold- 
er where the rotation speed sensor 127a opposing the 
encoder 1 1 9a is disposed; more specifically, an area be- 
tween the encoder 119a and the rotation speed sensor 
127a and its surroundings, need to be formed from non- 
magnetic material, in order not to exert an influence on 
changes in magnetic flux. On the other hand, the re- 
maining portion of the sensor holder 143 can be formed 
from magnetic material. In order to facilitate transfer of 
heat from the outer ring 104 to the temperature sensor 
1 29a, the partition case 1 42 is also made of a thin metal 
plate possessing superior thermal conductivity in the 
same manner as mentioned the above. However, at 
least a portion of the partition case 142 needs to be 
made of non-magnetic material in order to ensure the 
rotation speed detecting function of the rotation speed 
sensor 127a. 

[0083] While the sensor unit 137 remains inserted in 
the partition case 142, a mount flange 130c provided at 
the base end section of the sensor unit 137 is fixedly 
coupled to the outer ring 104 by means of bolts 131c, 
131c. In this state, a detecting section of the rotation 
speed sensor 1 27a located at the end face of the sensor 
unit 137 closely opposes a detected section provided 
on the outer rim of the encoder 1 1 9a, with the bottom of 
the partition-shaped case 142 and a minute clearance 
provided therebetween. The temperature sensor 129a 
opposes the inner circumferential surface of the sensor 
mount hole 126a formed in the outer ring 104, via an 
intermediate wall section of the partition case 142. A 
harness to be used for acquiring a signal output from 
the rotation speed sensor 127a, a harness to be used 
for acquiring output from the temperature sensor 129a, 
and a harness to be used for acquiring output from the 
vibration sensor 1 44 are bundled into a single cable 1 45, 
and the cable 145 is connected to an unillustrated con- 
troller. Upon receipt of a signal from any of the sensors 
1 27a, 1 29a, and 1 44, the controller performs control op- 
eration, such as skid control or warning operation. 
[0084] As mentioned above, in the case of the rotating 
support apparatus with sensor according to the present 
invention, the single sensor holder 1 43 retains the rota- 
tion speed sensor 127a, the temperature sensor. 129a, 
and the vibration sensor 144, thus reducing the space 
to be occupied by the sensors 127a, 129a, and 144 and 
facilitating mounting of the same. The harnesses for ac- 
quiring signals output from the sensors 1 27a, 1 29a, and 

1 44 are bundled into the single cable 1 45, thereby facil- 
itating routing of the harnesses for acquiring signals 
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from the sensors 127.a, 129a, and 144. 
[0085] Figs. 18 through 20 show a twelfth embodi- 
ment of the present invention. In the present embodi- 
ment, a sensor unit 137b is fixedly supported on a seal 
case 117c for supporting a seal ring 118c which shields s 
the interior space 136 of the double row tapered roller 
bearing 103 from the outside. More specifically, in the 
present embodiment, a disk section 1 55 provided on the 
outer end section of the sea! case 1 1 7c projects outward 
from the seal ring 118c (i.e., in a leftward direction in 10 
Figs. 1 8 and 1 9). A mount flange 1 60 of the sensor unit 
137b is fixedly coupled to a part of the disk section 1 55 
by means of bolts 161 , 161 being screw-engaged with 
a nut 162. The nut 1 62 is provided with a tap on a steel 
plate welded to the inside of the seal case 1 1 7c, for fas- » 
tening the sensor 137b. Such a nut 162 ensures a re- 
quired length of a tapped hole for threading the bolts 
161,161 and plays a role of reinforcing the fixed portion 
of the sensor 137b. Further, an encoder 119b is fixedly 
fitted to a cylindrical spacer 156 sandwiched between 20 
the inner rings 105 and an end cap 135b. 
[0086] In the sensor unit 137b, a rotation speed sen- 
sor 127b is disposed so as to closely oppose the encod- 
er 119b which is an object of detection. A temperature 
sensor 129b is embedded and retained in a base end 25 
section (i.e., the right end section shown in Figs. 18 and 
1 9) while remaining in contact with or close to the disk 
section 1 55 of the seal case 1 1 7c. Further, the vibration 
sensor 1 44 is retained in the extremity of the sensor unit 
1 37 (the left end section shown in Figs. 1 8 and 1 9) while 30 
remaining embedded in the sensor holder 143. A de- 
tecting surface of the rotation speed sensor 127b is 
caused to closely oppose the outer rim of the encoder 
119b. 

[0087] Moreover, in the present embodiment, a con- 35 
nector 1 57 to which the end of a signal transmission ca- 
ble 1 45a can be freely con nectab I e is provided in a cover 
attached to an opening end of the journal box 
102b. Harnesses 158a, 158b, and 158c attached to the 
rotation speed sensor 127b, the temperature sensor 40 
129b, and the vibration sensor 144 are removably con- 
nected to the connector 1 57. More specifically, the cable 
1 45a and plugs 1 59a, 1 59b fixed to the ends of the har- 
nesses 1 58a, 1 58b, and 1 58c are independently remov- 
able from the connector 157 fixed to the cover 122b. 45 
Such a construction facilitates connection of the har- 
nesses 158a, 158b, and 158c to the cable 145a. 
[0088] In other respects, the present embodiment is 
identical in construction and operation with the eleventh 
embodiment, and hence explanations of the same ele- so 
ments are omitted. 

[0089] Even in any one of the above-described em- 
bodiments (first through twelfth embodiments), when 
the output signal represents changes in voltage, it is 
preferable that a harness for acquiring an output signal ss 
from the sensor holder constituting the sensor unit to the 
outside is stranded (twisted) with a ground line as a 
twisted pair in terms of a reduction in the influence of 



noise stemming from electromagnetic coupling (electro- 
static coupling, electromagnetic induction, or coupling 
of electromagnetic waves). If the output signal corre- 
sponds to a current output which outputs a signal as an 
electric current, a harness for sending the output signal 
is stranded with a power line as a twisted pair. In any 
event, twisting a pair of harnesses into a twisted pair 
yields an effect of diminishing noise primarily stemming 
from electromagnetic induction and electromagnet- 
icwaves. So long as the twisted pair is shielded, there 
is yielded a great effect of diminishing noise stemming 
from electrostatic coupling. In a case where the twisted 
pair is shielded in the manner as mentioned above, so 
long as a plurality of twisted pairs including harnesses 
for acquiring signals output from sensors are bundled 
together and the entirety of the thus-bundled twisted 
pairs is shielded, influence of external noise on the sig- 
nals can be diminished. Moreover, it is more preferable 
that the twisted pairs are shielded individually, so that 
there can be prevented occurrence of interference, 
which would otherwise arise between harnesses for 
sending signals output from sensors. 
[0090] In any of the above-described embodiments, it 
is preferable to use a harness coated with resin or rub- 
ber, such as chloroprene rubber, TEFLON resin, silicon 
rubber or polyethylene, as a harness for sending a sig- 
nal output from each sensor, in consideration of weather 
resistance or strength. 

[0091 ] In order to eliminate noise, a circuit is prefera- 
bly provided with a surge absorber or a Zener diode 
(Zener voltage regulator diode) wh ichprotects the circuit 
by means of absorbing a surge voltage applied from the 
outside, or with an EMI (electromagnetic interference) 
filter serving as noise filter for eliminating high-frequen- 
cy noise. 

[0092] The circuit configuration described in connec- 
tion with the ninth embodiment shown in Figs. 10 and 
11 and that described in connection with the tenth em- 
bodiment shown in Figs. 12 through 14 can be applied 
to the other embodiments (i.e., the first through eighth 
embodiments and the eleventh and twelfth embodi- 
ments). 

[0093] The reference voltage produced by the refer- 
ence voltage generation circuit 52 can be used not only 
for detection of measured values by the temperature 
and acceleration sensors, but also for detection of val- 
ues by another sensor. 

[0094] Moreover, in connection with the amplifier for 
amplifying a voltage and the amplifying circuits 53 and 
53a for amplifying a current value, output from the tem- 
perature sensor and that from the vibration sensor can 
be used not only for amplifying purpose but also for am- 
plifying output from other sensors. 
[0095] Although the rolling bearing with a sensor and 
the rotating support apparatus with sensor according to 
the present invention have the foregoing configurations, 
the present invention employs the temperature sensor 
29 (29a, 29b, 129a) and the vibration sensor such as 
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the acceleration sensor 40 (144) as well as the rotation 
speed sensor 27 (27a, 27b, 127a). Hence; combination 
of the rolling bearing with a sensor, the rotating support 
apparatus with sensor, a comparator (comparison 
means) and a threshold-value setting circuit (threshold- 5 
value setting means) enables highly-reliable detection 
of an abnormality having arisen in a rolling bearing, such 
as the double row tapered roller bearing 3, 103, whose 
running speed frequently changes from a low speed to 
a high speed. Next, there will be described five exam- 10 
pies of a determination circuit for determining whether 
or not an abnormality has existed. 
[0096] A first example of the determination circuit 
shown in Fig. 21 determines whether or not an abnor- 
mality has arisen in the double row tapered roller bear- is 
ing 3, 103, on the basis of a rotation speed of the axle 
shaft 1 , 101 supported by the double row tapered roller 
bearing 3, 103 and the temperature of the double row 
tapered roller bearing 3, 103. The rotation speed is ob- 
tained from a detection signal output from the rotation 20 
speed sensor 27 and the temperature is obtained from 
a detection signal output from the temperature sensor 
29. In the first example, a rotation speed detection circuit 
43 processes the detection signal output from the rota- 
tion speed sensor 27 and obtains a speed signal repre- 25 
senting a value pertaining to the rotation speed of the 
axle shaft 1 , 101 . A threshold-value setting circuit 44 de- 
termines a threshold value for detecting an abnormality 
from the speed signal obtained from the rotation speed 
detection circuit 43. A comparator 45 then compares the 30 
threshold value with a temperature signal sent from the 
temperature sensor 29. A bearing abnormality determi- 
nation circuit 46 judges a signal representing a compar- 
ison result, thereby determining occurrence of an abnor- 
mality in the double row tapered roller bearing 3, 1 03. If 35 
an abnormality is present in the bearing, a signal is sent 
to an alarm 47, such as a beeper or an alarm lamp, 
thereby activating the alarm 47 to inform an operator or 
a worker of occurrence of the abnormality. In the case 
of such a first example of determination circuit, a tern- *o 
perature threshold value for detecting the abnormality 
can be changed consequently in accordance with 
changes in the rotation speed of the axle shaft 1, 101 
determined from the detection signal output from the ro- 
tation speed sensor 27. Consequently, the detection of 45 
abnormality having arisen in the double row tapered roll- 
er bearing 3, 1 03 at the time of low-speed operation, as 
well as the detection of abnormality having arisen in the 
same at the time of high-speed operation, becomes pos- 
sible, so 
[0097] During operation, the temperature of the dou- 
ble row tapered roller bearing 3, 1 03 or that of another 
rolling bearing unit usually increases as a rotation speed 
increases. To this end, when a determination is made 
as to whether or not an abnormality has arisen in a roll- 55 
ing bearing unit such as the double row tapered roller 
bearing 3, 103, on the basis of only a detection signal 
output from the temperature sensor, a threshold value 



for detecting an abnormality must be determined in ac- 
cordance with a temperature expected at the maximum 
rotation speed. For this reason, the detection of abnor- 
mality in the rolling bearing unit, such as the double row 
roller bearing : 3, 103, during low-speed rotation has 
been difficult. So long as the determination circuit ac- 
cording to the first example is used, a threshold value 
for detecting an abnormality can be sequentially 
changed in accordance with a rotation speed at the time. 
Hence, the highly-reliable detection of abnormality 
based on temperature can be effected. In connection 
with the determination circuit such as that shown in Fig. 
21 , the rotation speed detection circuit 43, the threshold 
value setting circuit 44, the comparator 45, and the bear- 
ing abnormality determination circuit 46 can be embod- 
ied through software processing by means of a circuit 
using an analog-to-digital converter, a microprocessor, 
or a digital signal processor (DSP). 
[0098] A second example of the determination circuit 
shown in Rg. 22 determines whether or not an abnor- 
mality has arisen in the double row tapered roller bear- 
ing 3, 103, on the basis of a rotation speed of the axle 
shaft 1 , 101 supported by the double row tapered roller 
bearing 3, 103 and the vibration of the double row ta- 
pered roller bearing 3, 103. The rotation speed of the 
axle shaft 1 , 1 01 is obtained from a detection signal out- 
put from the rotation speed sensor 27. The vibration of 
the roller bearing 3, 103 is obtained from a detection 
signal output from the vibration sensor such as the ac- 
celeration sensor 40. In the case of the second example 
of determination circuit, a threshold value for detecting 
an abnormality pertaining to vibration is set in accord- 
ance with the detection signal output from the rotation 
speed sensor 27. A comparator 45a then compares the 
threshold value with a signal output from the accelera- 
tion sensor 40, thereby determining the occurrence of 
abnormality in the double row tapered roller bearing 3, 
103. In the case of such a determination circuit accord- 
ing to the present embodiment, since a threshold value 
for detection of an abnormality pertaining to vibration is 
sequentially changed in accordance with changes in ro- 
tation speed of the axle shaft 1,101 abnormal vibration 
in the double row tapered roller bearing 3, 103 can be 
detected even at the time of low-speed rotation. Accord- 
ingly, a flaking arisen in a rolling contact surface in the 
double row tapered roller bearing 3, 1 03 can be detected 
at an early stage. 

[0099] The magnitude of vibration arising at the time 
of operation of the rolling bearing unit including the dou- 
ble row tapered roller bearing 3, 103 usually increases 
with an increase in rotation speed. Forthis reason, when 
an occurrence of an abnormality in the rolling bearing 
unit, such as the double row tapered roller bearing 3, 
1 03, is determined on the basts of only a signal detected 
by the acceleration sensor 40, a threshold value for de- 
tecting the abnormality must be set in accordance with 
a vibration value expected at an expected maximum ro- 
tation speed. Forthis reason, the detection of abnormal- 
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ity in the rolling bearing unit, such as the double row 
tapered roller bearing 3, 103, at the time of low-speed 
operation has been difficult. So long as the determina- 
tion circuit according to the second example is used, a 
threshold value for detecting an abnormality can be se- 5 
quentialfy changed in accordance with apresent rotation 
speed. Hence, the highly-reliable detection of abnormal- 
ity based on the magnitude of vibration can be effected. 
Even in connection with the determination circuit such 
as that shown in Fig. 22, the rotation speed detection io 
circuit 43, the threshold value setting circuit 44, the com- 
parator 45a, and the bearing abnormality determination 
circuit 46 can be embodied through software processing 
by means of a circuit using an analog-to-digital convert- 
er, a microprocessor, or a digital signal processor (DSP). « 
[0100] A third example of the determination circuit 
shown in Fig. 23 determines whether or not an abnor- 
mality has arisen in the double row tapered roller bear- 
ing 3, 103, on the basis of a rotation speed of the axle 
shaft 1 , 1 01 supported by the double row tapered roller 20 
bearing 3, 103 and the vibration of the double row ta- 
pered roller bearing 3, 103. The rotation speed of the 
axle shaft 1 , 1 01 is obtained from a detection signal out- 
put from the rotation speed sensor 27. The vibration of 
the double row tapered roller bearing 3, 1 03 is obtained 25 
from a detection signal output from the vibration sensor 
such as the acceleration sensor 40. Particularly, in the 
case of the present example, the signal which is output 
from the acceleration sensor 40 and represents vibra- 
tion of the double row tapered roller bearing 3, 1 03 pass- 30 
es through a variable filter 48. The variable filter 48 
changes a frequency to be eliminated or dampened on 
the basis of a signal which is obtained from the signal 
detected by the rotation speed sensor 27 and repre- 
sents the rotation speed of the double row tapered roller 35 
bearing 3, 1 03. The comparator 45a compares a vibra- 
tion value obtained after the variable filter 48 has elim- 
inated or dampened a rotational speed component of 
the double row tapered roller bearing 3, 103 with the 
threshold value detecting an abnormality obtained in the *o 
same manner as in the second example, thus determin- 
ing the occurrence of abnormality in the double row ta- 
pered roller bearing 3. 

[0101] Of vibration arising during rotation of the rolling 
bearing unit, such as the double row tapered roller bear- 45 
ing 3, 103, a vibration value based on a rotation speed 
component synchronized with a rotation speed is usu- 
ally the maximum of all components. In the event that 
damage, such as flaking, has arisen in the rolling bear- 
ing unit, such as the double row tapered roller bearing so 
3, 103, a vibration value of frequency component not 
synchronized with the rotation speed increases. In the 
case of the present example, the signal sent from the 
acceleration sensor 40 is passed through the variable 
filter 48, which changes a frequency to be eliminated or ss 
dampened on the basis of the signal output from the ro- 
tation speed sensor 27, thereby eliminating or dampen- 
ing a vibration value of frequency corresponding to the 



rotation speed component. Accordingly, vibration repre- 
sented by the signal that has passed through the varia- 
ble filter 48 is free of a frequency component appearing 
even in a normal time, or contains the frequency com- 
ponent in nominal amount. Correspondingly, a vibration 
component arising in association with an abnormality 
becomes noticeable, and hence the precision of detec- 
tion of an abnormality in the rolling bearing unit, such as 
the double row tapered roller bearing 3, 1 03, can be im- 
proved. Accordingly, an abnormality in the double row 
tapered roller bearing 3 can be detected at an initial 
phase in which occurrence of flaking in a rolling contact 
portion in the double row roller bearing 3, 103 has be- 
gun, thereby preventing occurrence of serious damage, 
such as seizing up, in the double row tapered roller bear- 
ing 3; 103. In connection with the determination circuit 
such as that shown in Fig. 23, the rotation speed detec- 
tion circuit 43, the variable filter 48, the threshold value 
setting circuit 44, the comparator 45a, and the bearing 
abnormality determination circuit 46 can also be embod- 
ied through software processing by means of a circuit 
using an analog-to-digital converter, a microprocessor, 
or a digital signal processor (DSP). 
[0102] A fourth example of the determination circuit, 
shown in Fig. 24 determines the occurrence of abnor- 
mality in the double row tapered roller bearing 3, 1 03 on 
the basis of the rotation speed of the axle shaft 1 , 1 01 
supported on the double row tapered roller bearing 3, 
103 and the vibration of the double row tapered roller 
bearing 3, 103. The rotation speed of the axle shaft 1, 
1 01 is obtained from the detection signal output from the 
rotation.speed sensor 27. The vibration of the rolling 
bearing 3, 1 03 is obtained from the detection signal out- 
put from the vibration sensor, such as the acceleration 
sensor 40. Particularly, in the present example, after a 
period analysis circuit 49 analyzes the waveform of vi- 
bration detected by a vibration sensor, such as the ac- 
celeration sensor 40, the occurrence of abnormality in 
the double row tapered roller bearing 3 is determined. 
To this end, in the case of the present example, a bear- 
ing abnormality determination circuit 46a computes pe- 
riods T 1 , T 2 , and T 3 of various vibrations developing in 
the double row tapered roller bearing 3, 103 and deter- 
mines the occurrence of abnormality in the double row 
tapered roller bearing 3, 103, on the basis of a speed 
signal which is produced from the detection signal out- 
put from the rotation speed sensor 27 and represents 
the speed of the double row tapered roller bearing 3, 
103. In the case where the double row tapered roller 
bearing 3, 103 is used while rotating inner rings, period 
T 1 denotes a vibration period developing when flaking 
has occurred in any of the outer ring raceways 7, 1 07 
formed on the inner circumferential surface of the outer 
ring 4, 1 04; period T 2 denotes a vibration period devel- 
oping when flaking has occurred in any of the inner ring 
raceways 8, 1 08 formed on the respective outer circum- 
ferential surfaces of the inner rings 5; and period T 3 de- 
notes a vibration period developing when flaking has oc- 



19 



37 



EP1 211 500A1 



38 



curred in any of the rolling contact surfaces of the ta- 
pered rollers 6, 1 06. The period of the signal output from 
the acceleration sensor 40 is analyzed by utilization of 
the rotation speed signal, thereby identifying a position 
on the double row tapered roller bearing 3, 103 where 
flaking has arisen, as well as determination of occur- 
rence of damage stemming from flaking of the double 
row tapered roller bearing 3, 103. 
[0103] For example, under the situation in which the 
double row tapered roller bearing 3, 103 is used while 
rotating the inner rings, if flaking has arisen in any of the 
outer ring raceways 7, 1 07 formed on the inner circum- 
ferential surface of the outer ring 4, 1 04, a vibration hav- 
ing a frequency to be expressed by the following expres- 
sion arises. 

f 1= zfc 

wherein "z" represents the number of rolling elements, 
and fc" represents the rotational frequency of a retainer. 
[0104] Here, period T 1 of the vibration is expressed 
by the following expression. 

T 1 =1/f t = 1/(z.fc) 

[0105] In the event that flaking has arisen in any of 
the inner ring raceways 8, 108 formed on the outer cir- 
cumferential surfaces of the inner rings 5, 1 05 to be ro- 
tated, a vibration having a frequency expressed by the 
following expression arises. 

f 2 = z.(fr-fc) 

where "z" represents the number of rolling elements, fr" 
represents the rotational frequency of an inner ring, and 
"fc B represents the rotational frequency of a retainer. 
[0106] Period T 2 of the vibration is expressed by the 
following expression. 

T 2 = 1/f 2 = 1/{Z.(fr-fc)} 

[0107] Further, in the event that flaking has arisen in 
any of the roiling contact surfaces of the tapered rollers 
6 serving as rolling elements, a vibration having a fre- 
quency expressed by the following expression arises. 

f 3 = 2.fb 

where "fb - represents the rotation frequency of a rolling 
element 

T 3 =1/f 3 = 1/(2.fb) 



[0108] In these cases, frequencies fc, fr, and fb can 
be computed, so long as specifications about the rolling 
bearing unit, such as the double row tapered roller bear- 
ing 3, 103, and the rotation speed thereof are known. 
5 By means of analyzing the period of a vibration wave- 
form, a position on the double row tapered roller bearing 
3, 103 where flaking has arisen can be identified. 
[0109] For instance, if a vibration component having 
a vibration other than vibrations T t , T 2 , and T 3 increas- 
10 es, an abnormality is ascertained to have arisen in a lo- 
cation other than a rolling contact surface of the double 
row tapered roller bearing 3, 1 03. Accordingly, in a case 
where the period of the detection signal output from the 
acceleration sensor 40 is analyzed by means of the pe- 
te nod analysis circuit 49 as in the present example, an 
abnormality having arisen in the rotating support section 
and its surroundings, including the double row tapered 
roller bearing 3, 103 and its surroundings, can be de- 
tected. In this case, if a period corresponding to a pri- 
20 mary component of a rotation speed has become re- 
markably large, partial wear stemming from a skid is as- 
sumed to have arisen in one location on wheels. Further, 
in the determination circuit such as that shown in Fig. 
24, the rotation speed detection circuit 43, the period 
25 analysis circuit 49, and the bearing abnormality deter- 
mination circuit 46a can be embodied through software 
processing by means of a circuit using an analog-to-dig- 
rtal converter, a microprocessor, or a digital signal proc- 
essor (DSP). 

30 QJ110] A fifth example of the determination circuit, 
shown in Fig. 25, determines the occurrence of abnor- 
mality in the double row tapered roller bearing 3, 1 03 on 
the basis of the rotation speed of the axle shaft 1 , 1 01 
supported on the double row tapered roller bearing 3, 

35 1 03 and the vibration of the double row tapered roller 
bearing 3, 103. The rotation speed is obtained from the 
detection signal output from the rotation speed sensor 
27. The vibration of the roller bearing 3, 103 is obtained 
from the detection signal output from the vibration sen- 

40 sor, such as the acceleration sensor 40. Particularly, in 
the present example, a vibration signal passes through 
an envelope processing circuit 50 for performing an en- 
velope processing, where a frequency is analyzed by 
use of the thus-processed waveform. An abnormality in 

45 the double row tapered roller bearing 3, 1 03 cannot be 
analyzed when analyzing the frequency of a vibration 
waveform (raw waveform) detected by the vibration sen- 
sor such as the acceleration sensor 40. However, if a 
raw waveform of vibration is subjected to envelope 

so processing, to thereby analyze a frequency by means 
of a frequency analysis circuit 51 through use of the 
thus-processed waveform, analysis of an abnormality in 
the rolling bearing unit, such as the double row tapered 
roller bearing 3, 1 03, becomes feasible, thereby detect- 

55 ing frequencies f, , f 2t and f 3 of vibrations stemming from 
flaking of a rolling contact portion. Even in the determi- 
nation circuit such as that shown in Fig. 1 9, the rotation 
speed detection circuit 43, the envelope processing cir- 
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curt 50, the frequency analysis circuit 51 , and the bear- 
ing abnormality determination circuit 46b can be embod- 
ied through software processing by means of a circuit 
using an analog-to-digital converter, a microprocessor, 
or a digital signal processor (DSP). 
[01 1 1] In any event, the setting of the threshold value 
for detecting an abnormality in the rolling bearing sec- 
tion, such as the double row tapered roller bearing 3, 
103, is changed or analyzed in accordance with chang- 
es in rotation speed by means of any of the five exam- 
ples of the determination circuits shown in Figs. 21 
through 25. This enables setting of a threshold value op- 
timal for the changing rotating status of the rolling bear- 
ing, such as the double row tapered roller bearing 3, 
103, which has been difficult to perform in the related- 
art. As a result, the determining accuracy of occurrence 
of abnormality in the rolling bearing section, such as the 
double row tapered roller bearing 3, 103 can be im- 
proved dramatically. In the cases of the fifth and sixth 
embodiments of the rotating support apparatus shown 
in Figs. 6 and 7 and the ninth and tenth embodiments 
of the rotating support apparatus shown in Figs. 10 
through 1 4, each rotating support apparatus is equipped 
with all of the rotation speed sensor 27a, the tempera- 
ture sensor 29a, and the acceleration sensor 40. An ab- 
normality in the rolling bearing section , such as the dou- 
ble row tapered roller bearing 3, 103, can be detected 
with high reliability by use of a combination of only the 
rotation speed sensor 27a and the temperature sensor 
29a. Alternatively, an abnormality in the rolling bearing 
can be detected with high reliability by use of a combi- 
nation of only the rotation speed sensor 27a and the ac- 
celeration sensor 40. By means of applying the deter- 
mination circuit shown in Figs. 21 through 25 to the pre- 
viously-described first through twelfth embodiments, an 
abnormality in a bearing can be detected accurately. 
[0112] A construction consisting of a combination of 
the temperature sensor 29a, 1 29a and the acceleration 
sensor 40, 1 44 along with the rotation speed sensor 27, 
27a, 127a enables detection of an abnormality in the 
double row tapered roller bearing 3, 1 03, from a temper- 
ature signal and a vibration signal. Broad detection of 
an abnormality, such as lubrication failures stemming 
from deterioration of grease and flaking of a rolling con- 
tact surface due to abrasion by foreign substances, be- 
comes feasible. The rotating support apparatus with 
sensor combined with the above-mentioned determina- 
tion circuit enables early detection of an abnormality in 
the rolling bearing section, such as the double row ta- 
pered roller bearing 3, 1 03, thereby effectively prevent- 
ing occurrence of serious damage, such as seizing up 
of the rolling bearing section; e.g., the double row ta- 
pered roller bearing 3, 103. 

[0113] In the rolling bearing apparatus with sensor 
and the rolling support apparatus with sensor shown in 
Figs. 1 through 20, the inner rings 5, 105 are rotating 
wheels, and the outer ring 4, 1 04 is a stationary wheel. 
The present invention is not limited to such the construc- 



tions andean be implemented as a construction in which 
an outer ring is taken as a rotating wheel and inner rings 
are taken as stationary rings. The rolling bearing appa- 
ratus with sensor and the rotating support apparatus 
5 with sensor according to the respective embodiments 
have been described by reference to use of the double 
row tapered roller bearing 3, 1 03, in which a plurality of 
rolling elements are taken as the tapered rollers 6, 1 06. 
Here, the present invention is not limited to such a con- 
10 struction; the present invention can be applied to use of 
a cylindrical roller bearing using cylindrical rollers as roll- 
ing elements, a ball bearing using balls as rolling ele- 
ments, or any of other various types of rolling bearings. 
In each of the previous embodiments, the detecting sur- 
fs face of the rotation speed sensor 27 and the detected 
section are mutually opposed in the diametrical direction 
of the rolling bearing apparatus with sensor and that of 
the rotating support apparatus with sensor, in order to 
detect a rotation speed. However, the present invention 
20 enables mutual opposing of the detecting surface and 
the detected section in the axial direction of the rolling 
bearing apparatus with sensor and that of the rotating 
support apparatus with sensor. 
[01 14] The rolling bearing apparatus with sensor and 
25 the rotating support apparatus with sensor according to 
the present invention are embodied in the form of the 
above-described constructions so as to operate in the 
manner described above. As a result, there can be 
achieved facilitation of a mounting operation as well as 
30 a reduction in a space to be occupied by a plurality of 
types of sensors including a rotation speed sensor and 
a temperature sensor. Further, routing of harnesses for 
acquiring signals from the sensors is also facilitated. 
Therefore, there can be attained miniaturization and 
35 cost reduction of a rotating support section of an axle of 
a railroad vehicle, or of rotating support sections of var- 
ious types of machinery, as well as an improvement in 
design freedom. 

[01 1 5] A thirteenth embodiment of the present inven- 

^0 tion will be described with reference to Fig. 26. A bearing 
apparatus 201 shown in Fig. 26 has two rolling bearings 
202; and a housing 204 for joining together outer rings 
203 serving as stationary rings of the bearings 202. Fur- 
ther, inner rings 205 serving as rotating rings support a 

45 rotating shaft 206. A through hole 207 is formed in the 
housing 204 of the bearing apparatus 201 so as to pen- 
etrate from an outer surface 204a to an inner surface 
204b of the housing 204. A sensor unit 208 is inserted 
into the through hole 207 from the outside and is se- 

so cured with sensor mount screws 209. Specifically, the 
housing 204 is a member secured on the outer rings 203 
serving as stationary rings. A wheel 210 is attached to 
an end section 206a of the shaft 206 for detecting a ro- 
tation speed of the shaft 206. An extremity 208a of the 

55 sensor unit 208 projects from the inner surface 204b of 
the housing 204 and is located dose to teeth 210a of 
the wheel 210 provided on the end section 206a of the 
shaft 206. 
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[0116] As shown in Figs. 27 and 28, the sensor unit 
208 includes: a vibration sensor 211 being a vibration 
detecting section for detecting vibrations; a temperature 
sensor 212 being a temperature detecting section for 
detecting a temperature; a rotation speed sensor 213 5 
being a rotation speed detecting section for detecting a 
rotation speed of the shaft 206; and a circuit component 

21 4 for processing signals detected by the sensors 21 1 , 
21 2, and 21 3. The vibration sensor 21 1 and the temper- 
ature sensor 212 are mounted on a circuit board 215 io 
along with the circuit component 214. The circuit board 

21 5 is secured on a fixing jig 21 6 by means of substrate 
fastening screws 21 7 and is housed in a sensor case 
218. A position in which the circuit board 215 is to be 
fastened to the fixing jig 21 6 with screws is set such that 
resonance does not arise in vibration of an object of de- 
tection as a result of the size, thickness, or rigidity of the 
circuit board 215. 

[01 17] The sensor case 21 8 is provided with a hole 
21 9 for fastening the fixing jig 21 6 from the outside. A 20 
threaded hole 220 is provided in the fixing jig 216 in 
alignment with the position of the hole 219. The fixing 
jig 216 having the circuit board 215 mounted thereon is 
secured in the sensor case 21 8 by means of a jig fixing 
component; e.g., a jig fixing screw 221 inserted into the 25 
hole 219 from the outside. At this time, preferably, the 
head 221 a of the screw 221 does not project beyond the 
outer surface 218a of the sensor case 21 8 . A curvature 
radius R^g of a surface along which the fixing jig 21 6 is 
to be attached to the sensor case 21 8 is made slightly 30 
larger than a curvature radius R2 10d of an inner circum- 
ferential surface 21 8d of the sensor case 218. in this 
case, a shoulder 216a of the fixing jig 216 comes into 
contact with the inner circumferential surface 21 8d of 
the sensor case 21 8. Hence, the fixing jig 21 6 is prefer- 35 
ably stably secured on the inside 21 8d of the sensor 
case 218 at three points of the shoulder 216a and the 
screw 221 . 

[0118] A flange 222 is provided on an outer surface 
21 8a of the sensor case 218. Bolt holes 223 for fasten- 40 
ing the sensor case 21 8 to the housing 222 with the sen- 
sor mount screws 209 are formed in the flange 204. A 
cover 224 is attached to an opening section 21 8b of the 
sensor case 218 with small screws 225. The rotation 
speed sensor 213 is attached to the internal surface 45 
218c close to the extremity of the sensor case 218. 
[01 19] The bearing apparatus 201 with a sensor hav- 
ing the foregoing construction measures vibration oc- 
curring from rotation of the shaft 206 supported on the 
inner rings 205 and heat caused by rolling friction of the so 
bearing 202. Further, the wheel 210 rotates along with 
the shaft 206, and the teeth 21 0a of the wheel 21 0 pass- 
es an area close to the extremity 208a of the sensor unit 
208. As a result, the rotation speed of the shaft 206 is 
measured by means of measuring changes in magnetic 55 
flux developing in, e.g., the rotation speed sensor 213. 
[0120] At this time, as shown in Fig. 26, the sensor 
unit 208 is fastened by the sensor mount screws 209 on 



the housing 204 in a predetermined orientation. As 
shown in Fig.28, the circuit board 215 having mounted 
thereon the vibration sensor 211 and the temperature 
sensor 212 is fixed on the sensor case 218 in a deter- 
mined orientation. In short, the vibration sensor 211 is 
fastened to the bearing apparatus 201 in a predeter- 
mined orientation. Consequently, vibration signals 
measured by the sensor unit 208 produced in the same 
manner involve little dispersion in value, and hence cal- 
ibration of signals of each sensor is seldom required. 
[0121] The circuit board 215 is fastened to the fixing 
jig 21 6 by means of the substrate fixing screws 21 7, and 
the fixing jig 21 6 is fastened to the sensor case 21 8 with 
the jig fixing screw 221 . If an adhesive is also used in 
combination with the screws, loosening of the screws 
21 7, 221 can be prevented. 

[0122] When the bearing apparatus is used in an en- 
vironment in which the apparatus is exposed to water, 
after the jig fixing screw 221 having been attached, the 
hole 219 is molded with waterproof resin; e.g., silicon 
resin or epoxy resin, in order to prevent entry of water 
from the hole 21 9 formed for fastening the fixing jig 21 6 
to the sensor case 218 with screws. Alternatively, the 
surface of the circuit board 215 may be made water- 
proof, by means of coating the surface with waterproof 
resin; e.g., silicon resin. 

[01 23] In order to improve transfer of heat to the tem- 
perature sensor 212, it is better to fill a clearance be- 
tween the sensor case 218 and the circuit board 215 
with a resin possessing superior thermal conductivity. 
As the resin to be filled, there is employed soft resin 
which does not impart damage to the sensors 211,21 2, 
213 and the circuit component 214 mounted on the cir- 
cuit board 215 even at the time of occurrence of tem- 
perature changes;, for example, silicon resin. When sil- 
icon resin is used in a closed space, as in the case of 
the present embodiment, use of silicon resin of addition 
type is preferable. 

[01 24] In the bearing apparatus 201 according to the 
present embodiment, the sensor unit 208 is structured 
such that the circuit board 215 having mounted thereon 
a detecting section (including the vibration sensor 211 , 
the temperature sensor 21 2, and the rotation speed sen- 
sor 213) and the circuit component 214 is attached to 
the sensor case 21 8 by means of the fixing jig 21 6. And, 
the sensor unit 208 is fastened to the housing 204 that 
couples together the two outer rings 203 acting as sta- 
tionary rings of the two bearings 202. There may be em- 
bodied a bearing apparatus in which the sensor 208 is 
attached directly to the outer rings (i.e., stationary rings) 
203 of the bearings 202. Further, the sensor 208 is pro- 
vided with a signal output device for transmitting a de- 
tected signal by means of wireless transmission; e.g., 
electric waves, light, or ultrasound. The sensor unit 208 
may be attached to the inner rings 205 serving as rotat- 
ing rings or to a member fastened to the inner rings. 
[01 25] Although the bearing of the thirteenth embod- 
iment shown in Fig. 26 is a ball bearing, the bearing may 
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be embodied as another type of bearing, such as a 
thrust ball bearing, an angular ball bearing, or a tapered 
roller bearing. 

[0126] In addition to a vibration sensor of bimorph 
type using a piezoelectric element, a vibration sensor 5 
using a piezoelectric element and a weight in combina- 
tion, or a vibration sensor having a cantilever structure, 
a vibration sensor utilizing a strain gauge in lieu of the 
piezoelectric element used for the vibration sensor can 
aJso be used as the vibration sensor 211. Further, an 10 
ordinary thermistor, a silicon-based thermistor, or a IC 
temperature sensor (integrated circuit temperature sen- 
sor) can be used as the temperature sensor 21 2. In ad- 
dition, a sensor using a Hall element or a Hall IC (Hall 
integrated circuit) or a sensor using an MR element is 
(magnetroresistance element) can be used as the rota- 
tion speed sensor 213. 

[01 27] A second embodiment of the present invention 
will be described by reference to Figs. 29 and 30. Those 
constituent elements identical with those of the thir- 20 
teenth embodiment are assigned the same reference 
numerals, and their explanations are omitted. A posi- 
tioning pin 227 is fitted into a hole 226 formed in the 
sensor case 218 of the sensor 208 shown in Fig. 29 
through fastening, and a guide groove 228 is formed in 25 
the fixing jig 216. The fixing jig 216 is inserted into the 
sensor case 21 8 while the positioning pin 227 is caused 
to follow the guide groove 228. A clearance between the 
sensor case 21 8 and the fixing jig 21 6 is fixed by means 
of an adhesive 229, thus enabling fastening of the fixing so 
jig 216 without use of the screw 221 . Similarly, a posi- 
tioning pin is formed on the circuit board 215, and a po- 
sitioning groove or hole is formed in the fixing jig 216. 
The circuit board 21 5 and the fixing jig 21 6 are bonded 
together by means of an adhesive, thereby enabling fas- 35 
tening the fixing jig 216 without use of the screw 217. 
[0128] As mentioned above, in connection with the 
sensor unit 208 having the fixing jig 21 6 fastened to the 
sensor case 218, the fixing jig 216 is fixed in a certain 
direction with respect to the sensor case 21 8. At this *o 
time, the. circuit board 215 having the vibration sensor 
211 mounted thereon is fixed to a predetermined posi- 
tion on the fixing jig 21 6. More specifically, the vibration 
sensor 211 is fixed in a predetermined direction with re- 
spect to the sensor case 218. Consequently, signals *s 
measured by the sensors 208 produced in the same 
manner involve few variations in value, and hence cali- 
bration of signals of each sensor is seldom required. 
[0129] A sensor according to the present invention 
comprises a detecting section for detecting an object of so 
detection; a circuit component for processing a detec- 
tion signal output from the detecting section; a circuit 
board having mounted thereon the detecting section 
and the circuit component; a jig for fixing the circuit 
board; and a container having the fixing jig secured 55 
therein through use of a jig fixing component Hence, 
the circuit board is fastened to a predetermined position 
in the sensor case. A detecting section can be placed 



in a predetermined orientation with respect to the sensor 
case. Signals measured by sensors of the same type 
produced in the same manner involve few variations in 
value, and hence calibration of signals of each sensor 
is seldom required. 

[0130] A bearing apparatus with the sensor enables 
mounting of a detecting section of the sensor in a pre- 
determined direction with reference to the bearing ap- 
paratus. Signals detected by the sensors involve little 
dispersion in value. Consequently, at the time of evalu- 
ation of an operating status of a bearing apparatus with 
sensor manufactured in the same manner, changes in 
a signal stemming from bearing apparatus. 
[0131] Figs. 31 to 32C show a sensor unit 208 at- 
tached to a bearing apparatus 201 of Fig. 26 according 
to a fifteenth embodiment of the present invention. 
[0132] As shown in Figs. 31 to 32C, the sensor unit 
208 comprises: a vibration sensor 311 being a vibration 
detecting section for detecting vibrations; a temperature 
sensor 312 being a temperature detecting section for 
detecting a temperature; a rotation speed sensor 313 
being a rotation speed detecting section for detecting a 
rotation speed of the shaft 206; and a circuit component 
31 4 for processing signals detected by the sensors 311, 
312, and 313. The sensors 311, 312, and 313 and the 
circuit component 314 are mounted on a single surface 
315a of a circuit board 315. As shown in Fig. 31 , the 
circuit board 31 5 is housed in a sensor case 31 6 and is 
secured by means of filling a clearance between the cir- 
cuit board 31 5 and the sensor case 1 6 with a filler 31 7; 
e.g., epoxy resin, through molding. 
[0133] As shown in Fig. 32A, a protective line 318 is 
provided on the surface 315a of the circuit board 315 as 
an annular first noise shield so as to surround the circuit 
component 314. The protective line 31 8 is grounded so 
as to provide a reference voltage for the sensor unit 208. 
Further, as shown in Fig. 32B, the protective line 318 is 
connected to a plane-like shield 321 serving as a plane- 
like second noise shield provided on a remaining sur- 
face 315b of the circuit board 316, via a through hole 
320 penetrating from the surface 315a to the other sur- 
face 31 5b of the circuit board 315. The reference voltage 
can be set to an arbitrary constant voltage other than a 
ground potential of 0V. As shown in Fig. 32C, the plane- 
like shield 321 is provided so as to cover substantially 
the entire surface 315b of the circuit board 315. Here, 
the through hole 320 may be embodied as a hole whose 
interior wall 320a is plated so as to be able to establish 
electrical conductivity between the surfaces 315a and 
315b. Alternatively, the through hole 320 may be em- 
bodied as an eyelet or a jumper line. 
[01 34] The sensor unit 208 having the foregoing con- 
struction effectively shields external noise by means of 
the protective line 318 provided on the surface 315a of 
the circuit board 315 and the plane-shaped shield 321 
provided on the surface 315b of the same. Hence, su- 
perim position of external noise, which would affect a sig- 
nal output from the sensor unit 208, can be diminished. 
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Hence, there can be obtained a signal having a high S/ 
N ratio and involving mixing of little external noise, 
whereby a signaJ output from the sensor unit 208 is im- 
proved in terms of resolution and accuracy. 
[01 35] A sixteenth embodiment of the present inven- 5 
tion will now be described by reference to Figs. 33 to 
34C. Those constituent elements identical with those of 
the fifteenth embodiment are assigned the same refer- 
ence numerals, and their explanations are omitted. A 
sensor unit 208 shown in Fig. 33 comprises the vibration 10 
sensor 3 1 1 being the vibration detecting section, and the 
circuit component 314 for processing a detection signal 
output from the vibration sensor 311, both being mount- 
ed on a single surface 323a of a circuit board 323. As 
shown in Fig. 34A, a protective line 325 — which acts as '5 
a first shield and is connected to a regulator 324 serving 
as a constant voltage source-is provided on the surface 
323a of the circuit board 323 so as to surround the vi- 
bration sensor 311. As shown in Fig. 34B, the circuit 
board 323 is a three-layer board having an intermediate 20 
layer 323b. A plane-shaped shield 326 as a second 
shield is provided in a portion of the intermediate layer 
323b corresponding to the position of the vibration sen- 
sor 311, for protecting the vibration sensor 311 from 
noise. The plane-shaped shield 326 is connected to the 25 
protective line 325 provided on the surface 323a via a 
through hole 327 which establishes electrical conduc- 
tivity between the surface 323a and the intermediate 
layer 323b, to thereby further connect to the regulator 

324 constituting a portion of the circuit component 31 4. 30 
A voltage identical with the reference voltage of the vi- 
bration sensor 311 is applied to the protective line 325 
and the plane-shaped shield 326, by means of the reg- 
ulator 324. Therefore, the protective line 325 and the 
plane-shaped shield 326 are less vulnerable to inftu- 35 
ence of variations in a voltage of another circuit. 

[0136] As mentioned above, by means of the protec- 
tive line 325 and the plane-shaped shield 326, the sen- 
sor unit 208 can effectively shield from external noise a 
portion susceptible to influence of external noise from 40 
among the sensor 311, the electronic component 314, 
and their lines; for example, the sensor 311 having the 
high impedance. Superimposition of external noise, 
which would affect the signal output from the sensor unit 
208, can be diminished. Consequently, there can be ob- 45 
tained a signal having a high S/N ratio with involvement 
of little external noise. Accordingly, the signal output 
from the sensor unit 208 is improved in terms of accu- 
racy and resolution. 

[0137] It is preferable that the protective line 325 is so 
routed in an annular pattern so as to completely sur- 
round an area susceptible to influence of external noise. 
If difficulty is encountered in routing the protective line 

325 in an annular pattern because of limitations on wir- 
ing, the protective line 325 may be routed into a sub- 55 
stantially annular pattern with a portion being open. 
However, the noise shielding effect achieved in this case 
becomes slightly inferior to that achieved in a case 



where the protective line is routed into a perfect annular 
pattern. When there is formed a through hole or line pen- 
etrating from the surface 323a to the surface 323c of a 
multilayer substrate and the circuit components are 
mounted on both surfaces 323a and 323b, a mount area 
wider than that obtained in the sensor unit 208 of the 
fifteenth embodiment is ensured. Although the entire 
surface of the intermediate layer 323b may be formed 
into a plane-shaped shield 326, provision of the plane- 
shaped shield 326 in only a required position enables 
utilization of the other area for wiring, thereby increasing 
the degree of design freedom. The partial shield de- 
scribed in the present embodiment can be applied also 
to the circuit board 315 described in the fifteenth em- 
bodiment. 

[0138] A seventeenth embodiment of the present in- 
vention will now be described by reference to Figs. 35 
to 36C. Those constituent elements identical with those 
of the fifteenth and sixteenth embodiments are assigned 
the same reference numerals, and their explanations 
are omitted. A sensor unit 208 shown in Fig. 35 is pro- 
vided with a protective line 329 which is routed so as to 
surround the vibration sensor 31 1 being the vibration de- 
tecting section, the temperature sensor 312 being the 
temperature detecting section, and the circuit compo- 
nent 314 provided on the surface 315a of the circuit 
board 315. Further, the sensor unit 208 has a shield 
case 330 having a case shape, which covers the surface 
31 5a and serves as a third shield. As shown in Fig. 36A, 
a portion of the shield case 330 is electrically connected 
to the protective line 329. Further, the shield case 330 
is grounded to the same reference voltage as that of the 
protective line 329 and that of the plane-shaped shield 
321 provided on the surface 315b of the circuit board 
315 electrically connected to the protective line 329 via 
the through hole 320. When the sensor case 316 is 
housed in the circuit board 31 5 and the filler 31 7 is filled 
into a clearance between the circuit board 315, the 
shield case 330, and the sensor case 316, the sensor 
case 31 6 and the shield case 330 are disposed to avoid 
occurrence of direct contact therebetween. 
[0139] As described the above, the sensor unit 208 
encloses the. sensors 311 and 31 2 and the circuit com- 
ponent 314 by the protective line 329, the shield case 
330, and the plane-shaped shield 321 , thereby effec- 
tively shielding external noise. Consequently, mixing of 
external noise, which would affect the signal output from 
the sensor 328, is suppressed to a low level, and a signal 
having a high S/N ratio can be obtained. Thus, the signal 
output from the sensor 322 is improved in terms of ac- 
curacy and resolution. 

[01 40] As described in the sixteenth embodiment, an 
area susceptible to influence of external noise may be 
covered with the protective Iine329, the shield case 330, 
orthe plane-shaped shield 321 . Moreover, when thecir- 
cuit board 315 is embodied as the multi-layer circuit 
board 323 and when the sensors 311 through 313 and 
the circuit component 31 4 are mounted on both the sur- 
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faces 323a and 323c, the shield case 330 is provided 
on each of the surface 323a and the surface 323b, there- 
by protecting from external noise the sensors 311,312, 
and 313 and the circuit component 314. 
[01 41 ] In each embodiment, the sensors respectively 5 
detect temperature, vibration, and a rotation speed. 
However, the sensor is not limited to those detections 
but may be used for detecting pressure or humidity. 
[01 42] In the sensor unit 208 described in the fifteenth 
and sixteenth embodiments, the circuit boards 31 5, 323 io 
are molded with the filler 31 7 and secured in the sensor 
case 316. However, if the sensor unit is used in an en- 
vironment involving drastic temperature changes, the 
surfaces 315a and 323a are coated with soft resin; e.g., 
silicon resin or soft urethane resin, so as to protect the 1$ 
sensors 311, 312, 313 and the circuit component 314 
mounted on the surfaces from damage, which would 
otherwise arise because of a difference in coefficient of 
thermal expansion between the circuit board 315, the 
sensor case 31 6, and the filler 31 7. Subsequently, the 20 
circuit boards are further fixed by means of being cov- 
ered with hard resin; e.g., epoxy resin or hard urethane 
resin. Alternatively, the circuit boards may be fastened 
by means of screws instead of by use of a filler. 
[0143] A sensor according to the present invention 25 
comprises a detecting section for detecting an object of 
detection; a circuit component for processing a detec- 
tion signal output from the detecting section; a circuit 
board having mounted thereon the detecting section 
and the circuit component; and a noise shield connected 30 
to a reference voltage of the circuit. Hence, superimpo- 
sition of external noise which would affect a signal out- 
put from a sensor can be diminished effectively. Conse- 
quently, there is obtained a signal having a high S/N ratio 
and involving mixing of little external noise, thereby im- & 
proving the signal output from the sensor in terms of ac- 
curacy and resolution. 

[0144] A bearing apparatus having the sensor pro- 
duces a signal having a high S/N ratio and involving mix- 
ing of little external noise even in an environment 40 
abounding with external noise. Consequently, the status 
of the bearing can be monitored accurately. 
[0145] The construction of the sensor unit 208 de- 
scribed in the thirteenth to seventeenth embodiments is 
applicable to the sensor unit 35, 35a, 35b, 35c and 137, 45 
137b of the first to twelfth embodiments. 
[0146] An eighteenth embodiment of the present in- 
vention will be described hereinbelow by reference to 
Figs. 37 to 40. In the drawing, reference numeral 410 
designates an axle bearing abnormality detecting appa- so 
ratus for detecting an abnormality in an axle bearing. 
The axle bearing abnormality detecting apparatus 41 0 
includes a temperature sensor 411 to be incorporated 
into an axle bearing or its surroundings; a temperature 
detection circuit 412 for converting an output from the 55 
temperature sensor 411 into an output voltage V T ; and 
a sensor cable 41 3 including a plurality of electric wires 
430, 431 for interconnecting the temperature detection 



circuit 412 and the temperature sensor 411 . 
[0147] The temperature sensor 411 is constituted of 
an NTC thermistor 414 having a negative temperature 
coefficient. A resistor 41 5 whose resistance value is not 
changed by temperature is connected in parallel with the 
NTC thermistor 414. 

[0148] The temperature detection circuit 41 2 has a re- 
sistor 416 for converting output from the temperature 
sensor 411 into a voltage. Provided that an electric re- 
sistance value of the resistor 41 6 is taken as R 16 (Q), an 
electric resistance of the thermistor 414 is taken as Rt 
(Q), and an electric resistance value of the fixed resistor 
415 is R 15 (Q), output from the temperature sensor 411 
is extracted from the temperature detection circuit 412 
as a voltage signal V T to be expressed by the following 
expression. In the following expression, Ft,- denotes a 
combined resistance value (Q) consisting of the resist- 
ance of the thermistor 414 and the resistance of the re- 
sistor 415; and Vs denotes a supply voltage (V) to be 
supplied to the temperature sensor 411 . 

R T x /? 1S 

[0149] Fig. 38 shows a relationship between a resist- 
ance Rt of the NTC thermistor 414 and a temperature 
T. As illustrated, the resistance Rt of the NTC thermistor 
414 decreases logarithmically as the temperature T in- 
creases. 

[0150] Next, Fig. 39 shows a relationship between a 
combined resistance Rj and a bearing temperature T 
appearing when the fixed resistance 415 is connected 
in parallel with the NTC thermistor 41 4 serving as a tem- 
perature sensor. The relationship shows that the tem- 
perature characteristic of the combined resistance has 
become more linear than that appearing when solely a 
thermistor is employed. 

[0151] Fig. 40 shows the relationship between the 
output voltage V T and temperature. As shown in Fig. 40, 
the linearity of the output voltage-temperature charac- 
teristic of the temperature sensor 411 has been im- 
proved substantially, and hence the temperature of a 
bearing can be detected without involvement of compli- 
cation of configuration or an increase of cost. When the 
fixed resistor 415 is connected in parallel with the NTC 
thermistor, difficulty is encountered in linearizing an out- 
put voltage characteristic of the NTC thermistor over a 
wide temperature range from -40°C to 300° C. Hence, it 
is better to linearize the output voltage characteristic of 
the NTC thermistor within a temperature range required 
for an application. When detecting an abnormality in 
bearing temperature, the output voltage characteristic 
of an NTC thermistor is linearized within a temperature 
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range from 0°C to 200°C. When a break has arisen in 
the sensor cable 430 or 431 , the voltage V T output from 
the temperature sensor 411 becomes OV, and hence a 
break in the sensor cable 413 can also be detected. 
[01 52] Fig. 41 shows a nineteenth embodiment of the 5 
bearing temperature sensor according to the present in- 
vention. The nineteenth embodiment shown in the draw- 
ing differs from the eighteenth embodiment in that a cir- 
cuit including the thermistor 41 4 is provided on a ground 
side, and a resistor 41 6 to be used for acquiring an out- io 
put voltage is provided on a power side. In other re- 
spects, the nineteenth embodiment is identical in con- 
figuration with the eighteenth embodiment. 
[0153] In the nineteenth embodiment, the linearity of 
the temperature characteristic of the voltage V T output « 
from the temperature sensor 411 has been improved 
substantially as well as the eighteenth embodiment 
Hence, the temperature of the bearing can be detected 
without involvement of complication of circuit configura- 
tion or an increase of cost. In the nineteenth embodh 20 
ment, the resistance of the NTC thermistor decreases 
with an increase in temperature, and hence the output 
voltage V T has a decreasing negative temperature char- 
acteristic. In contrast with the eighteenth embodiment, 
when the supply voltage Vs supplied to the thermistor 25 
414 drops, the voltage V T output from the temperature 
sensor 41 1 also decreases, and as a result, temperature 
T is determined to be higher than a real temperature. In 
other words, since the temperature sensor 411 has a 
negative output voltage characteristic, there arises a 30 
phenomenon identical with a rise in bearing temperature 
which would arise in the event of occurrence of an ab- 
normality in a sensor, such as a drop in the supply volt- 
age Vs. Consequently, when an abnormality, such as 
seizing up, is detected by the temperature sensor 411 , 35 
there is prevented overlooking of an anomalous temper- 
ature of the bearing, which would otherwise be caused 
by an abnormality in the sensor, thus imparting a fail- 
safe function to the bearing temperature sensor. 
[0154] Fig. 42 shows a twentieth embodiment of the *o 
bearing temperature sensor according to the present in- 
vention. TTie twentieth embodiment shown in the draw- 
ing differs from the eighteenth embodiment set forth in 
that the resistor 416 for detecting an output from the 
temperature sensor 41 1 is provided in the temperature 45 
sensor 411 . In other respects, the twentieth embodiment 
is identical in configuration with the eighteenth embod- 
iment. Consequently, in the present embodiment, the 
voltage V T output from the temperature sensor 411 
changes substantially linearly in accordance with the so 
temperature T, as in the case of the eighteenth embod- 
iment. Hence, the temperature of the bearing can be de- 
tected without involvement of complication of configura- 
tion and an increase of cost. 

[0155] When a break has arisen in the electric line 55 
430, the output voltage V T becomes equal to OV. When 
a break has arisen in the electric line 431, the output 
voltage V T becomes equal to the supply voltage. Thus, 



the line detection is feasible. However, when a break 
has arisen in the electric line 431, a break cannot be 
detected, because the output voltage V T becomes un- 
stable (if the thermistor is normal, the output voltage V T 
does not become equal to OV or the supply voltage). 
[01 56] Fig. 43 shows a twenty-first embodiment of the 
bearing temperature sensor according to the present in- 
vention. The twenty-first embodiment shown in the 
drawing differs from the nineteenth embodiment in that 
the resistor 41 6 for detecting an output from the temper- 
ature sensor 41 1 is provided in the temperature sensor 
411. In other respects, the twenty-first embodiment is 
identical in configuration with the nineteenth embodi- 
ment. Consequently, in the present embodiment, the 
voltage V T output from the temperature sensor 411 
changes substantially linearly with the temperature T, as 
in the case of the nineteenth embodiment. Hence, the 
temperature of the bearing can be detected without in- 
volvement of complication of configuration and an in- 
crease of cost. 

[01 57] In the twenty-first embodiment, the resistance 
of the NTC thermistor decreases with an increase in 
temperature, and hence the output voltage V T has a de- 
creasing negative temperature characteristic. When the 
supply voltage Vs supplied drops, the voltage V T output 
from the temperature sensor 411 also decreases, and 
as a result temperatureT is determined to be higherthan 
a real temperature, as in the case of the nineteenth em- 
bodiment. Consequently, when an abnormality, such as 
seizing up, is detected by the temperature sensor 411 , 
a fail-safe function can be to the bearing temperature 
sensor. 

[0158] In this case, when a break has arisen in the 
electric line 430, the output voltage V T becomes equal 
to 0V. When a break has arisen in the electric line 432, 
the output voltage V T becomes equal to the supply volt- 
age. Thus, the line detection is feasible. However, when 
a break has arisen in the electric line 431 , a break cannot 
be detected, because the output voltage V T becomes 
unstable. 

[01 59] Rg. 44 shows a twenty-second embodiment of 
the bearing temperature sensor according to the 
present invention. The twenty-second embodiment 
shown in the drawing differs from the twenty-first em- 
bodiment set forth in that the fixed resistor 415 is pro- 
vided in the voltage conversion circuit 412. In other re- 
spects, the twenty-second embodiment is identical in 
configuration with the twenty-first embodiment. Conse- 
quently, in the present embodiment, the voltage V T out- 
put from the temperature sensor 411 changes substan- 
tially linearly in accordance with the temperature T, as 
in the case of the twenty-first embodiment. Hence, the 
temperature of the bearing can be detected without in- 
volvement of complication of configuration and an in- 
crease of cost. Since the twenty-second embodiment is 
also identical in circuit configuration with the twenty-first 
embodiment, the voltage V T has a negative temperature 
characteristic decreasing with an increase in tempera- 
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ture. Consequently, a fail-safe function can be imparted 
to the bearing temperature sensor, as in the case of the 
twenty-first embodiment. 

[01 60] When a break has arisen in the electric line 430 
or 431 , the output voltage V T becomes equal to 0V. 5 
When a break has arisen in the electric line 432, the out- 
put voltage V T becomes Ri 5 V s (R 15 f R 16 ). Since these 
voltages differfrom output voltages produced under nor- 
mal conditions, a break in the line 432 can be detected. 
[0161] Fig. 45 shows a twenty-third embodiment of a 10 
temperature sensor according to the present invention. 
The twenty-third embodiment shown in the drawing dif- 
fers from the twenty-second embodiment in that a reg- 
ulator (or a DC-DC conversion circuit) 450 is provided 
in the temperature sensor, for supplying the supply volt- '5 
age Vs (DC 5V) to the thermistor 414 after having con- 
verted the supply voltage Vs (DC 12V) through use of 
the regulator 450 (or a DC-DC conversion circuit). When 
the regulator 450 is employed, a voltage output from the 
regulator 450 remains unchanged even if changes have 20 
arisen in the supply voltage Vs. Therefore, there can be 
prevented changes in output from the temperature sen- 
sor, which would otherwise be caused by changes in 
supply voltage Vs. The other embodiments yield the 
same result, so long as the regulator 450 is employed. 25 
Alternatively, a DC-DC converter or a reference voltage 
IC may also be used instead of a regulator. 
[0162] Fig. 46 shows a twenty-fourth embodiment of 
a bearing temperature sensor according to the present 
invention. The twenty-fourth embodiment shown in the 30 
drawing differs from the eighteenth embodiment in that 
there is provided a combined resistor consisting of re- 
sistors 41 5, 41 7, and 41 8 as a resistor connected in par- 
allel with the thermistor41 4. In other respects, the twen- 
ty-fourth embodiment is identical in configuration with 35 
the eighteenth embodiment. In this case, the linearity of 
an output voltage can be improved as compared with 
the eighteenth embodiment. Consequently, in the 
present embodiment, the voltage V T output from the 
temperature sensor 411 changes substantially linearly 40 
with the bearing temperature T, as in the case of the 
eighteenth embodiment. Hence, the temperature of the 
bearing can be detected without involvement of compli- 
cation of configuration and an increase of cost. 
[0163] Fig. 47 shows a twenty-fifth embodiment of a 45 
bearing temperature sensor according to the present in- 
vention. The twenty-fifth embodiment shown in the 
drawing differs from the nineteenth embodiment in that 
there is provided a combined resistor consisting of re- 
sistors 41 5, 419, and 420 as a resistor connected in par- so 
aJlel with the thermistor 41 4. In other respects, the twen- 
ty-fifth embodiment is identical in configuration with the 
nineteenth embodiment. In this case, the linearity of an 
output voltage can be improved as compared with the 
nineteenth embodiment. Since the voltage Vt output 55 
from the temperature sensor 411 has a negative tem- 
perature characteristic, a fail-safe function can be im- 
parted to the bearing temperature sensor in the same 



manner as mentioned above. Consequently, in the 
present embodiment, the voltage V T output from the 
temperature sensor 41 1 to the voltage conversion circuit 
414 changes substantially linearly with the temperature 
T, as in the case of the nineteenth embodiment Hence, 
the temperature of the bearing can be detected without 
involvement of complication of configuration and an in- 
crease of cost. Further, the twenty-fifth embodiment 
yields the same advantage as that yielded in the nine- 
teenth embodiment. 

[01 64] A method of detecting an abnormality in an ax- 
le bearing according to the present invention will now 
be described with reference to Fig. 48. 
[0165] Rg. 48 shows a diagrammatic sketch of a sys- 
tem for detecting an abnormality in an axle bearing. As 
shown in the drawing, reference numeral 440 desig- 
nates an axle shaft; 441 designates a bearing; 442 des- 
ignates a journal box serving as a bearing housing; and 
443 designates a cover of the journal box 442. The tem- 
perature sensor 411 is provided in a location close to 
the bearing 441 of the cover 443 of the journal box 442. 
Further, the thermistor 41 4 serving as a temperature de- 
tecting element and the resistor 41 5 are built in the tem- 
perature sensor 411 . The temperature detection circuit 
412 is spaced away from the temperature sensor 411 ; 
for example, in the trunk of a vehicle. 
[01 66] When detection of occurrence of an abnormal- 
ity such as seizing up in the bearing 441 is effected with 
the foregoing configuration, the resistor 415 is connect- 
ed in parallel with the thermistor 414. Further, the tem- 
perature of the bearing 441 is detected by the temper- 
ature detection circuit 412. 

[01 67] If the fixed resistor 41 5 is connected in parallel 
with the thermistor 41 4 serving as a temperature sensor 
when an abnormality in the axle bearing 441 is detected 
by use of the temperature sensor built in the bearing, 
the voltage V T output from the temperature sensor 
changes linearly with the bearing temperature T. Even 
when the temperature sensor incorporated into the ve- 
hicle bearing 441 corresponds to a thermistor, an abnor- 
mality in the axle bearing 441 can be detected with high 
accuracy. 

[0168] In the present embodiment, the NTC thermis- 
tor having a negative temperature coefficient has been 
employed as a thermistor to be incorporated into the ax- 
le bearing. However, the present invention is not limited 
to this type of thermistor. For example, a silicon temper- 
ature sensor, such as a PTC thermistor having a positive 
temperature coefficient or a silicon-based thermistor 
(hereinafter called a "silicon thermistor"), may also be 
employed as the thermistor to be incorporated into the 
axle bearing. Further, there may also be employed a 
CTR thermistor which has a negative temperature coef- 
ficient and shows an abrupt variation in resistance when 
having achieved a specific temperature. 
[0169] In this case, if there is employed a PTC ther- 
mistor having a positive temperature coefficient or a sil- 
icon thermistor, the concept of fail-safe operation can 
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be added to the method while the linearity of combined 
resistance of the thermistor is improved and the circuit 
configuration shown in Fig. 37 is maintained. 
[0170] For instance, when a silicon thermistor having 
a temperature-resistance characteristic shown in Fig. 5 
49 is employed as a thermistor provided in the circuit 
shown in Fig. 37, there can be achieved an output char- 
acteristic, in which an output voltage drops with an in- 
crease in temperature, as shown in Fig. 50. Thus, the 
function of improving linearity and the fail-safe function io 
can be imparted to the thermistor. 
[0171] When a break has arisen in the electric wire 
430 or 431 , the output voltage V T becomes 0V. Thus, 
the output voltage changes in the same manner as in a 
case where the temperature of the bearing has become 15 
high. Thus, the thermistor has the fail-safe function. 
[0172] If no demand exists for high accuracy of tem- 
perature measurement and thus, the temperature-re- 
sistance value characteristic of the silicon thermistor re- 
mains identical with that shown in Fig. 49, the fixed re- 20 
sistor 41 5 shown in Fig. 37 may be removed. The circuit 
of this case slightly deteriorates the linearity of the out- 
put voltage Vt as compared with the circuit shown in Fig. 
37 but possesses a fail-safe function for detecting a 
break. 25 
[0173] The temperature sensor of the eighteenth to 
twenty-fifth embodiments may be used in combination 
with a rotation speed sensor and a vibration sensor as 
in the first to seventeenth embodiments. 
[0174] As has been described, as a result of a fixed 30 
resistor being connected in parallel with a thermistor, the 
linearity of the temperature-resistance characteristic of 
a thermistor provided in a bearing temperature sensor 
according to the present invention is improved substan- 
tially. Hence, the temperature of a bearing can be de- 35 
tected without involvement of complication of configura- 
tion and cost hike. 

[0175] The method of detecting an abnormality in an 
axle bearing according to the present invention enables 
highly-accurate detection of an abnormality in an axle *o 
bearing even when a thermistor is incorporated into the 
axlebearing as a temperature sensor. 
[01 76] Figs. 51 A to 55C show a twenty-sixth embod- 
iment of the present invention. In the present embodi- 
ment, a sensor magnet 51 0 (i.e., a detected member) is 45 
formed in the flange section 34 serving as an encoder 
of the first embodiment, and the sensor magnet 51 0 is 
constituted of a bond magnet on which N poles, S potes, 
and no poles are alternately provided thereon, thereby 
enabling identification of rotating direction of a bearing so 
through use of a single sensor. 
[01 77] The rotatin g speed of a rotating bearing can be 
detected by means of arranging a detected member 
having alternately provided N poles and S poles on a 
rotating side; and arranging a sensor (detector) for de- ss 
tecting changes in magnetic flux on a stationary side. 
However, such a configuration acquires only a rotation 
pulse and fails to determine whether the rotating direc- 



tion is clockwise or counterclockwise. 
[0178] A waveform resulting from movement of the 
magnetic poles in association with rotation of the bear- 
ing is converted by a circuit such that a positive sinusoi- 
dal wave is detected when an N pole is detected. As a 
result, as shown in Figs. 54A and 54B, only a positive 
sinusoidal waveform appears when an N pole is detect- 
ed, and only a negative sinusoidal waveform appears 
when an S pole is detected. The rotating direction of the 
bearing cannot be determined on the basis of these 
wavef onus. Provided that, when the sensor has passed 
through both of N and S poles, a magnetization pitch is 
taken as one cycle, a phase angle of the polarization 
pitch assumes a value of 360°; and a phase in which 
the maximum or minimum peak from a positive sinusoi- 
dal waveform output of 0 appears is 90°; i.e.; a quarter 
polarization pitch. 

[0179] When the determination of rotating direction is 
required, a conceivable measure is to detect two phases 
(phase A, phase B) of a rectangular waveform or a si- 
nusoidal waveform detected by use of two sensors, 
thereby determining a rotating direction from a gain or 
loss in the signals of two phases. More specifically, as 
shown in Fig. 55A, two sensor are spaced apart from 
each other by an amount corresponding to "(an integral 
multiple of polarization pitch) + one-quarter polarization 
pitch." As shown in Figs. 55B and 55C, when one sensor 
detects 0, the other sensor inevitably detects the maxi- 
mum or minimum value, thereby enabling determination 
of rotating direction of the bearing. In other words, a ro- 
tating direction is determined on the basis of whether 
phase B is positive or negative when phase A changes 
from negative to positive. As a matter of course, when 
the interval between phases A and B corresponds to one 
polarization pitch or a half polarization pitch, a rotating 
direction cannot be determined from information output 
from the two sensors. 

[01 80] In this case, separating the two sensors by an 
amount corresponding to "(an integral multiple of a po- 
larization pitch) + one-quarter polarization pitch" is re- 
quired. However, such separation of sensors encoun- 
ters technical difficulty and is not suitable for mass-pro- 
duction of a bearing capable of determining a rotating 
direction. 

[0181] In consideration of such a drawback, the 
present embodiment has employed the sensor magnet 
510 constituted of a bond magnet. The bond magnet is 
polarized alternately in a sequence of N pole, S pole, 
and no pole (at substantially uniform pitches) as shown 
in Fig. 51 , so as to enable only one sensor to determine 
a rotating direction of a bearing. 
[0182] As a circuit required for determining a rotating 
direction, there has been employed a circuit having two 
separate channels. For example, as shown in Fig. 51 , 
a preamplifier 535 is connected to one hole element 51 1 
serving as a detector. The preamplifier 535 is connected 
in parallel with two circuits; that is, a waveform shaping 
circuit 536 for outputting a rotation pulse at each given 
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rotation angle through waveform shaping; and a rotating 
direction detecting circuit 537 for outputting a rotating 
direction signal, by means of discrimination of a rotating 
direction. The rotating direction detecting circuit 537 is 
further provided with a differentiation function for pro- 5 
ducing a differential waveform from a signal output from, 
e.g., the hole element 51 1 , and a discrimination function 
for determining a rotating direction from the differential 
waveform. 

[0183] In such a circuit, it is assumed that, for exam- 10 
pie, a shaft rotates in a positive direction (i.e., in a clock- 
wise direction). In association with rotation of the bear- 
ing, the sensor magnet 510 shown in Fig. 52A travels, 
so that the hole element 511 detects an N pole, an S 
pole, or no pole. After the detection, a signal which has '5 
been amplified to a certain level by means of the pream- 
plifier 535; that is, a voltage signal proportional to a mag- 
netic flux density shown in Fig. 52B, is output from the 
hole element 511. 

[0184] At this time, if a pole to be detected is an N 20 
pole, a positive output voltage, for example, is output. 
In contrast, if a pole to be detected is an S pole, a neg- 
ative output voltage is produced. If no pole is to be de- 
tected, an output of 0 is produced. 

[0185] When the signal has been differentiated by 25 
means of the differentiation function, there appears a 
differential waveform, wherein two pulses are output 
successively in a positive direction, as shown in Fig. 
52C, and then one pulse is output in a negative direction. 
[0186] Conversely, if the bearing rotates in an oppo- 30 
site direction, there appears a differential waveform, 
wherein two pulses are output successively in a nega- 
tive direction, as shown in Fig. 53C, and then one pulse 
is output in a positive direction. 

[01 87] As a result, when it is detected that two pulses 35 
have been output successively in a positive direction in 
the differential waveform and that one pulse has been 
output in a negative direction, the determination function 
determines that the bearing is rotating clockwise. Con- 
versely, when it is detected that two pulses have been 40 
output successively in a negative direction in the differ- 
ential waveform and that one pulse has been output in 
a positive direction, the determination function deter- 
mines that the bearing is rotating counterclockwise. 
[0188] So long as processing is effected by use of a 45 
detection function of detecting an absolute value differ- 
ential waveform in the form of an absolute value, a re- 
quired rotating pulse is detected in a manner as shown 
in Figs. 52D and 53D. 

[01 89] Accordingly, alternately polarizing a magnet in- so 
to Npoles, S poles, and no poles enables a single sensor 
to readily detect a rotation pulse and to determine a ro- 
tating direction. 

[01 90] When difficulty is encountered in polarizing an 
annular magnetic substance into no poles, depressions ss 
are formed in locations on the outer periphery of an an- 
nular magnet where no poles are to be formed, as 
shown in Rg. 56. A distance between the sensor and 



polarized surfaces of the depressions is made sufficient- 
ly long such that the polarized surfaces are deemed as 
being of 0 polarization. Otherwise, the distance between 
the sensor and the polarized surfaces of the depres- 
sions has been made long beforehand such that the 
sensor detects neither N poles nor S poles; that is, such 
that a 0 signal is to be detected. As a matter of course, 
as shown in Fig. 57, at the time of formation of a magnet 
on the flange section 34, a magnet base material may 
not formed in positions which are not to be polarized, or 
the magnet base material may be removed from the po- 
sitions. Subsequently, the magnet is polarized into N 
and S poles, thereby constituting N poles, S poles, and 
no poles. 

[0191] The technique of determining a rotating direc- 
tion by means of one sensor through use of N poles, S 
poles, and no poles can be applied to a rolling bearing 
capable of detecting a rotation pulse as shown in Fig. 
58, wherein a hole element 511 (i.e., a sensor) is posi- 
tioned opposite the side surface of the sensor magnet 
510. 

[0192] Needless to say, even when the magnet is al- 
ternately polarized in a different sequence; namely, a 
sequence of S poles, N poles, and no poles, a rotating 
direction can be determined through use of one sensor 
in the same manner. In addition, the structure of the sen- 
sor magnet 510 according to the twenty-sixth embodi- 
ment is applicable to an encoder of the second to sev- 
enteenth embodiments. 

[0193] While only certain embodiments of the inven- 
tion have been specifically described herein, it will ap- 
parent that numerous modifications may be made there- 
to without departing from the spirit and scope of the in- 
vention. 



Claims 

1 . Arollingbearing apparatus with sensor comprising: 

a sensor unit retaining a plurality of types of 
sensors in a single holder, said sensors detect- 
ing the status of a rolling bearing, 

wherein the plurality of types of sensors are 
at least two types of sensors of a rotation speed 
sensor, a temperature sensor and a vibration sen- 
sor. 

2. The rolling bearing apparatus according to claim 1 , 
further comprising: 

inner and outer rings rotating relative to each 
other such that one of said inner and outer rings 
is a rotating ring and the other is a stationary 
ring; 

a plurality of rolling elements rotatably dis- 
posed between a raceway formed on an inner 
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surface of said outer ring, and a raceway 
formed on an outer surface of said inner ring; 
and 

an encoder supported on said rotating ring or a 
portion rotating together with said rotating ring, 5 
and rotating together with said rotating ring, 

wherein said sensor unit is disposed close to 
said encoder in such a manner as to oppose said 
encoder, at said stationary ring or a portion support- 
ing said stationary ring. 

The rolling bearing apparatus according to daim 2, 
further comprising: 

a nut disposed on an end of a shaft so as to 
position said inner ring in an axial direction of 
said shaft, 

a housing being the portion supporting said sta- 
tionary ring; and 

a cover attached to said housing, 

wherein said encoder is disposed between 
said inner ring and said nut in the axial direction or 
on an outer surface of said nut, and 

wherein said sensor unit is attached to one of 
said housing and said cover. 

The rolling bearing apparatus according to claim 1 , 
wherein said sensor holder is made of one of 30 
austenite stainless steel, aluminum, magnesium, 
copper, zinc, or an alloy of any of the same. 

The rolling bearing apparatus according to claim 1 , 
wherein each of signal lines extending from said 35 
sensors is twisted with a ground line, and said twist- 
ed signal lines are shielded individually. 

The rolling bearing apparatus according to claim 1 , 
wherein each of signal lines extending from said *o 
sensors is twisted with a ground line, and all of said 
twisted signal lines are collectively shielded. 

The roiling bearing apparatus according to claim 1 , 
wherein said temperature sensor is disposed on a 45 
leading end of said sensor holder of said sensor 
unit. 

The rolling bearing apparatus according to daim 1 , 
further comprising: so 

a reference voltage generation circuit located 
within said sensor holder for supplying a refer- 
ence voltage to at least one of said temperature 
sensor and said vibration sensor. 55 

The rolling bearing apparatus according to claim 1 , 
wherein said temperature sensor is constructed by 



one of an NTC thermistor, a PTC thermistor, a CTR 
thermistor, a resistance temperature sensor, and an 
integrated circuit temperature sensor. 

10. The rolling bearing apparatus according to claim 1 , 
wherein said vibration sensor is constructed by one 
of a piezoelectric element and a strain gauge. 



further comprising: 

an EMI filter for eliminating a noise. 

15. The rolling bearing apparatus according to claim 2, 
wherein said encoder is constructed by alternately 
magnetizing a set of N pole, S pole and no pole or 
a set of S pole, N pole and no pole in a circumfer- 
ential direction thereof, to thereby detect a rotating 
direction of said encoder by a single sensor. 

16. A bearing apparatus with sensor comprising: 

a rotation speed sensor detecting a rotation 
speed of a bearing; 

a temperature sensor detecting a temperature 
of said bearing; 

a threshold value setting device for setting a 
threshold value of temperature for abnormality 
detection on the basis of the rotation speed ob- 
tained by said rotation speed sensor; 
a comparator comparing a temperature signal 
output from said temperature sensor with said 
threshold valve of temperature; and 
an abnormality determining device determining 
an abnormality of said bearing on the basis of 
an output of said comparator. 

17. A bearing apparatus with sensor comprising: 

a rotation speed sensor detecting a rotation 
speed of a bearing; 



1 1 . The rolling bearing apparatus according to claim 1 , 
10 wherein outputs from at least one of said rotation 

speed sensor, said temperature sensor, and said vi- 
bration sensor are in the form of current. 

12. The rolling bearing apparatus according to daim 1 , 
is further comprising: 

a surge absorber protecting a sensor circuit 
from a surge voltage, for eliminating a noise. . 

20 13. The rolling bearing apparatus according to daim 1 , 
further comprising: 

a Zener diode protecting a sensor circuit from 
a surge voltage, for eliminating a noise. 

25 

14. The rolling bearing apparatus according to claim 1 , 
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a vibration sensor detecting a vibration of said 
bearing; 

a threshold value setting device for setting a 
threshold value of vibration for abnormality de- 
tection on the basis of the rotation speed ob- 5 
tained by said rotation speed sensor; 
a comparator comparing a vibration signal out- 
put from said vibration sensor with said thresh- 
old valve of vibration; and 

an abnormality determining device determining 10 
an abnormality of said bearing on the basis of 
an output of said comparator. 

18. The bearing apparatus with sensor according to 
claim 1 7, further comprising: « 

a variable filter through which said vibration sig- 
nal output from said vibration sensor is passed, 
for changing a frequency to be eliminated or 
dampened, on the basis of said rotation speed 20 
detected by said rotation speed sensor, 



measuring a temperature of a bearing, comprising: 

a thermistor built in said rolling bearing or in a 
vicinity thereof, 

at least one of fixed resistors connected in par- 
allel with said thermistor. 

22. The bearing apparatus with a temperature sensor 
according to claim 21, wherein said temperature 
sensor has a negative temperature characteristic 
such that a sensor output drops in association with 
an increase in temperature, whereby said temper- 
ature sensor has a fail-safe function. 

23. The bearing apparatus with a temperature sensor 
according to claim 21, wherein said thermistor is 
one of an NTC thermistor, a PTC thermistor, a CTR 
thermistor, and a silicon thermistor. 

24. A bearing apparatus with a sensor for a bearing 
comprising: 



wherein said comparator compares a signal 
output from said variable filter with said threshold 
value of vibration. 

19. A bearing apparatus with sensor comprising: 

a rotation speed sensor detecting a rotation 
speed of a bearing; 

a vibration sensor detecting a vibration of said 
bearing; 

a period analysis device performing a period 
analysis of a signal output from said vibration 
sensor; and 

an abnormality determining device determining 
an abnormality of said bearing by analyzing a 
result of period analysis by use of a rotation 
speed signal output from said rotation speed 
sensor 

20. A bearing apparatus with sensor comprising: 

a rotation speed sensor detecting a rotation 
speed of a bearing; 

a vibration sensor detecting a vibration of said 
bearing; 

an envelope processing device performing an 
envelope processing of a signal output from 
said vibration sensor so that said signal is sub- 
jected to a frequency analysis; and 
an abnormality determining device determining 
an abnormality of said bearing by analyzing a 
result of frequency analysis by use of a rotation 
speed signal output from said rotation speed 
sensor. 

21 . A bearing apparatus with a temperature sensor for 
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a detecting section for detecting an object to be 
detected; 

a circuit component for processing a detection 
signal output from said detecting section; 
a circuit board on which said detecting section 
and said circuit component are mounted; 
a fixing jig for fixing said circuit board; and 
a sensor holder fixing said fixing jig. 

25. The bearing apparatus with a sensor according to 
claim 24, wherein said fixing jig is fixed to said sen- 
sor holder by use of a jig fixing component. 

26. The bearing apparatus with a sensor according to 
claim 24, wherein said fixing jig is fixed to said sen- 
sor holder by an adhesive after positioning said fix- 
ing jig therein. 

27. A bearing apparatus with a sensor for a bearing 
comprising: 

a detecting section for detecting an object to be 
detected; 

a circuit component for processing a detection 
signal output from said detecting section; 
a circuit board on which the detecting section 
and the circuit component are mounted; and 
a noise shield connected to a reference voltage 
of the circuit. 



28. The bearing apparatus with a sensor according to 
claim 27, wherein said noise shield further compris- 
es es at least one of: 

a first noise shield connected to a reference 
voltage of circuit, and arranged in an annular 
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manner on a surface of said circuit board hav- 
ing said detecting section and said circuit com- 
ponent so as to surround at least a part of said 
detecting section and said circuit component; 
a second noise shield connected to a reference s 
voltage of said circuit and arranged in a planar 
manner on a surface opposite to the surface of 
said circuit board having said detecting section 
and said circuit component so as to oppose and 
cover at least a region surrounded by said first '0 
noise shield, from the side opposite to said re- 
gion; and 

a case-like third noise shield connected to a ref- 
erence voltage of said circuit andmounted on 
the surface of said circuit board having said de- f 3 
tecting section and said circuit component so 
as to cover at least one of the detecting section 
and the circuit component. 

20 
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